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The  former  edition  of  this  book  being  out  of  print, 
• I have  taken  this  opportunity  of  considerably  en- 
larging the  subject-matter  in  preparing  this  edition. 
The  points  on  which  the  management  of  collieries  in 
this  country  is  assailable  are,  in  the  writer’s  opinion, 
insufficient  precaution  against  blowers  of  gas  and 
absolute  want  of  any  appliances  ready  at  hand  in 
case  of  explosion.  I have  given  what  particulars  I 
think  can  be  of  service  to  the  officials  of  a colliery 
respecting  the  course  to  be  pursued  after  accident, 
but  I wish  to  draw  the  attention  of  all  those  engaged 
in  mining  fiery  pits  to  the  risk  attending  the  use  of 
Davy  and  Clanny  lamps. 

Her  Majesty’s  Commissioners  appointed  to  in- 
quire into  mining  accidents  in  their  1881  Parlia- 
mentary Eeport  draw  attention  to  this  risk,  but  I 
think  that  this  report  will  be  but  little  heeded, 
judging  from  experience,  inasmuch  as  on  April  25, 
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1879,  I read  a paper  before  tbe  Institution  of 
Mechanical  Engineers  on  the  subject,  with  experi- 
ments proving  the  defects  in  Davy’s  lamp,  and  many 
other  modified  forms  of  it  in  use  in  mines  ; and  in  a 
work  of  mine  published  in  1878  I state  the  fact  that 
the  Davy  lamp  will  explode  in  an  explosive  mixture 
travelling  at  a velocity  of  eight  feet  per  second. 
Sir  J.  Eardley  Wilmot,  M.P.,  in  reply  to  a question 
he  asked  in  the  House  of  Commons  respecting  the 
suggestion  contained  in  that  work,  was  told  that  the 
Government  Inspectors  of  Mines  had  been  provided 
with  the  book,  and  the  Home  Secretary  had  had 
hardly  time  to  consider  these  suggestions.  Between 
that  period  and  the  report  of  the  Commissioners  some 
hundred  lives  have  been  lost  in  coal  mines  through  ex- 
plosion. If  the  Government  will  not  be  convinced  of 
the  folly  of  sanctioning  the  use  of  Davy,  Clanny,  and 
all  non-extinguishing  lamps  in  mines,  the  only  chance 
to  avoid  these  disastrous  explosions  is  to  appeal  to 
the  common  sense  of  the  mining  engineers.  Several 
colliery  companies  whom  I have  advised  in  the 
matter  of  lamps  have  had  trouble  with  the  men  with 
the  compulsory  substitution  of  extinguishing  lamps, 
but  in  the  end  all  has  ended  smoothly.  I conclude 
that  an  Act  will  ultimately  be  passed  to  make  the 
use  of  non-extinguishing  lamps  illegal,  but  why 
have  the  Government  persistently  ignored  the  fact,  to 
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which  their  attention  was  officially  drawn  in  1878  by 
Sir  J.  Eardley  Wilrnot,  up  to  the  present  time  ? On  the 
other  hand,  private  individuals  have  expended  time 
and  money  in  endeavouring  to  make  coal  mining  safer 
to  those  engaged  in  it.  A considerable  sum  of 
money  was  expended  in  1880  by  His  Grace  the  Duke 
of  Northumberland  on  this  head  in  experiments 
entrusted  to  my  charge,  and  a large  proportion  of 
the  formulse  in  this  book  were  deduced  from  such 
experiments. 

With  respect  to  the  formation  of  life  brigades  in 
mining  centres,  the  Government  has  done  absolutely 
nothing.  After  an  explosion  there  is  generally  at 
least  two  hours  to  wait  before  anything  can  be  done, 
and  it  would  be  found  far  cheaper  and  better  to  have 
one  set  of  apparatus  for  the  district  kept  in  a central 
position  ready  for  use,  than  to  trust  to  the  individual 
resources  of  each  colliery.  I maintain,  in  spite  of  what 
has  been  said  to  the  contrary,  that  if  the  aerophores, 
such  as,  by  preference,  Eleuss’s  or  Denayrouze’s,  were 
available,  with  trained  men,  in  a mining  district, 
more  lives  could  be  saved  at  less  risk  to  those  whose 
duty  compels  them  to  make  the  attempt  after  ex- 
plosion than  at  present,  when  exploring  parties  are 
driven  back  time  after  time  by  choke-damp  and  after- 
damp, and  valuable  moments  are  lost  and  their  lives 
needlessly  endangered. 
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The  vacuum  fan  is  gradually  replacing  the  old 
furnace  system  of  ventilation,  and  thus  a source  of 
explosion  is  prevented;  but  the  explosions  that  have 
to  be  guarded  against  are  those  that  arise  from 
scaffolds  over  sump  holes,  air  sheets  left  down  that 
ought  to  be  kept  up,  or  vice  versa,  and  falls  of  roof. 
Individual  forethought  and  precaution  are  the  only 
preventives  of  such  sources  of  accident.  Frequent 
inspection,  on  the  part  of  competent  men,  of  every 
district  of  the  mine,  and  written  instructions  clearly 
expressed  to  those  who  have  to  attend  to  air  crossings, 
doors  and  sheets,  are  imperative  if  accident  is  to  be 
avoided. 

The  attention  of  the  reader  is  drawn  to  the  ex- 
cessive pressures  that  are  obtained  by  inserting  tubes 
into  the  face  of  the  coal,  and  to  the  importance  of 
even  air  splits  if  possible. 

The  use  of  fire-damp  indicators  to  detect  the 
presence  of  minute  quantities  of  gas  I am  opposed  to. 
Competent  firemen  should  be  told  off  for  this  pur- 
pose, and  the  gas  book  entered  regularly  and  not 
worked  up  afterwards  during  the  fireman’s  leisure. 
The  instant  gas  is  found  coming  off  in  any  quantity 
it  should  be  constantly  watched;  especially  is  the 
necessity  of  this  to  be  recognised  when  the  roof 
does  not  pack  up  readily  by  falling  to  the  solid  rock. 
It  is  in  these  cavities  between  the  rock  and  the 
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temporary  roof  that  gas  collects,  and  its  presence  is 
never  discovered  till  a heavy  fall  takes  place,  when  the 
workings  are  filled  with  gas.  TheAbercarne  colliery 
explosion  illustrates  this  very  clearly.  It  must  not 
be  supposed  that  the  ventilation  of  a colliery  is  to  be 
learnt  in  a book  ; all  this  treatise  is  intended  to  do 
is  to  give  the  theory  of  the  usual  system  of  ventila- 
tion, an  abstract  of  the  legislation  on  the  subject, 
and  such  tables  and  formulae  as  are  constantly 
required  by  a mining  engineer  or  underground 
manager.  The  practice  of  ventilation  is  best  acquired 
by  going  underground  regularly  in  the  several 
capacities  of  surveyor,  fireman,  deputy,  underlooker, 
and  finally  certificated  manager,  and  thoroughly 
mastering  the  details  and  difficulties  presented  by 
each  department. 

Alan  Bagot. 

March  1882. 
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CHAPTER  I. 

GENERAL  PRINCIPLES  OF  VENTILATION  IN  COLLIERIES. 

There  are  two  general  methods  of  ventilation  in 
collieries ; one  by  means  of  a furnace  at  the  foot  of 
the  upcast  shaft,  the  other  by  means  of  a vacuum 
fan  at  the  top  of  the  upcast  shaft,  which  latter 
system  (by  reason  of  the  depression  caused  in  the 
vacuum  chamber,  brought  about  by  the  rapid  rota- 
tion of  the  fan)  sucks  the  air  out  of  the  pit,  or  more 
accurately  speaking,  causes  the  air  in  the  upcast 
shaft  to  ascend  to  fill  the  depression  in  the  vacuum 
chamber,  and  so  permits  of  a current  of  air  flowing 
through  the  pit. 

The  action  of  the  furnace  system  in  producing  a 
current  of  air  is  as  follows : — A mine  is  simply  a 
U-shaped  tube,  and  it  will  be  at  once  seen  that  the 
two  upright  columns  of  air  in  the  arms  of  the  tube 
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must  balance  each  other,  or  if  one  is  lighter  than 
the  other  the  heavier  column  will  descend  and  push 
the  other  up  until  equilibrium  is  produced,  when  the 
motion  of  the  respective  air  columns  will  cease  until 
further  alteration  takes  place  in  the  respective 
weights  of  the  two  columns,  and  it  will  be  seen  that 
if  the  difference  in  weight  of  the  two  columns  is 
constant,  the  motion  and  the  velocity  of  the  whole 
of  the  air  in  the  tube  will  also  continue  constant, 
and  in  one  and  the  same  direction. 

We  propose  treating  of  the  furnace  system  first. 
This  system  is  only  an  artificial  development  of  the 
natural  laws  of  ventilation. 

If  air  is  heated  under  a constant  pressure  it 
expands  -^-g  of  its  volume  at  the  temperature  of 
zero  of  Fahrenheit’s  thermometer ; and  it  can  easily 
be  understood  that  if  the  mean  temperature  of  the 
upcast  shaft  is  artificially  increased,  the  heated  air 
becomes  lighter,  bulk  for  bulk,  than  that  in  the 
downcast  shaft ; the  consequence  being  that  the 
heavier  air  column  in  the  downcast  shaft  overcomes 
the  lighter  air  column  in  the  upcast,  forcing  the 
latter  up  the  shaft  before  it;  and  if  we  were  to 
prolong  the  upcast  shaft  to  an  indefinite  length,  the 
top  of  the  heated  column  of  air  would  stand  possibly 
60  feet  higher  than  the  level  of  the  top  of  the  cold 
air  column.  This  difference  is  called  the  e Head  of 
Air.’  The  cool  air,  taking  the  place  of  the  heated 
air,  passes  over  the  furnace  in  its  turn,  and  so  a per- 
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petual  current  is  kept  up  by  the  cool  air  going  down 
one  shaft  and  forcing  the  heated  air  up  the  other 
before  it.  It  will  be  observed  that  the  deeper  the 
upcast  shaft  the  more  rapid  will  the  draught  be,  and 
that  the  secret  of  a brisk  circulation  of  air  in  the 
upcast  shaft  lies  in  the  whole  of  the  heat  from  the 
furnace  being  applied  directly  to  increase  by  its 
action  the  temperature  of  the  air  column  in  the 
upcast  shaft,  and  so  set  it  in  motion.  The  dumb 
drift  should  therefore  be  as  short  as  possible,  as  far 
as  is  consistent  with  safety.  The  best  method  of 
laying  out  the  furnace  is  as  follows  : — 

Near  the  bottom  of  the  upcast  shaft  the  main 
return  airway  is  split  into  two  ways  ; the  furnace 
is  placed  in  a recess,  cut  out  in  the  face  of  the 
smaller  split  of  the  main  return  airway,  the  main 
return  itself  enters  the  upcast  shaft  a little  below 
the  smaller  drift;  by  means  of  a damper  placed  in 
front  of  the  furnace,  the  amount  of  air  necessary  to 
support  the  combustion  of  the  furnace  is  regulated. 
The  result  is  that  no  more  air  than  is  actually 
necessary  is  consumed,  and  the  remainder  has  access 
to  the  upcast,  by  way  of  the  main  drift  beside  the 
smaller  one;  by  arranging  the  depth  of  the  furnace 
below  the  entrance  of  the  main  return  air-way  and 
furnace  drift,  the  supply  of  air  and  the  temperature 
of  the  shaft  may  be  so  kept  uniform  that  men  may 
travel  in  the  shaft.  It  must  be  borne  in  mind, 
however,  that  this  system  is  fraught  with  danger. 
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In  the  first  place,  if  the  cage  becomes  fast  in  the 
shaft,  the  men  would  be  suffocated,  and  the  venti- 
lation of  the  mine  very  seriously  impaired,  and  any 
blower  of  gas  that  may  be  present  in  the  pit  would 
cease  to  become  diluted,  and  would  ultimately  charge 
the  partially  choked  upcast  shaft  like  a gun-barrel, 
until  it  became  ignited  at  the  furnace.  If,  however, 
it  is  absolutely  necessary  to  use  the  upcast  shaft  as  a 
drawing  shaft,  then  air  doors  should  be  fitted  to  the 
shaft  to  close  at  the  furnace  drift,  and  in  the  event 
of  an  accident  they  should  be  promptly  closed  and 
the  fires  damped  out.  Care  must  be  taken  in  erecting 
these  doors,  to  allow  for  the  expansion  of  the  iron 
guide  blocks*  or  when  the  furnace  is  burning  they 
will  not  close  just  at  the  critical  moment.  On  the 
whole,  travelling  in  the  upcast  shaft  is  an  economical 
practice  that  should  be  avoided.  It  will  naturally 
occur  to  the  reader  to  ask,  why  the  two  air  columns, 
if  of  the  same  temperature,  but  of  different  diameters, 
or  rather  sectional  areas,  balance  each  other.  It 
must  be  evident,  that  the  weight  of  a column  of  air, 
like  that  of  a column  of  water,  is  directly  as  its 
height,  and  that  whatever  extra  pressure  exists  on 
• the  area  of  the  smaller  column  of  air,  by  reason  of 
the  greater  dimensions  of  the  larger  column,  is  really 
exerted,  not  on  the  sectional  area  of  the  smaller 
column,  but  on  that  part  of  the  mine  where  the  area 
of  the  larger  column  becomes  diminished  to  the  area 
of  the  smaller  one,  such  as  the  sides  of  the  air-ways. 
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In  this  way  equilibrium  is  preserved.  The  elements 
of  success,  therefore,  in  furnace  ventilation,  are  as 
follows : — 

The  upcast  shaft  should  be  free  from  obstruction, 
the  deeper  of  the  two,  and  every  pound  of  coal  con- 
sumed in  the  furnace  should  do  its  share  of  work  in 
setting  the  hot  air  column  in  motion ; no  more  air 
should  be  admitted  to  the  furnace  than  is  absolutely 
necessary  to  support  combustion,  and  the  temper- 
atures in  the  two  shafts  should  differ  considerably, 
yet  uniformly.  Changes  of  temperature,  or  care- 
less firing,  will  check  the  air  current,  and  this  is  to 
be  avoided.  We  must  consider,  therefore,  some  of 
the  laws  which  govern  the  mechanical  properties  and 
effect  of  heat,  in  order  to  proportion  our  furnace  to 
our  requirements. 

Coal  is  composed  of  carbon  and  hydrogen,  and 
some  other  substances  that  are  not  necessary  for  our 
consideration.  lbs.  of  coal  require  29  cubic  feet 
of  air  to  insure  complete  combustion ; this  is  on  the 
supposition  that  the  whole  of  the  oxygen  contained 
in  the  air  is  converted  by  combination  with  the 
carbon  into  carbonic  acid  gas;  but  in  practice  it 
will  be  found  that  the  best  furnaces  only  burn  half 
the  oxygen  of  the  air  passing  through  them,  so 
double  the  amount  of  air  must  be  provided.  The 
process  of  burning  is  this : the  greater  part  of  the 
carbon  is  transformed  into  carbonic  acid  gas,  the 
remainder  into  carbonic  oxide  : the  hydrogen  com- 
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bines  with  the  remaining  oxygen  to  form  steam.  A 
remarkable  feature  of  the  case  is  that  at  equal  tem- 
peratures the  volume  of  the  gases  resulting  from 
combustion  is  nearly  equal  to  that  of  the  air  passing 
through  the  furnace.  It  is,  therefore,  of  no  import- 
ance in  calculating  the  effective  force  of  a furnace, 
to  ascertain  whether  all  the  air  has  been  consumed 
in  passing  over  the  furnace  or  not.  The  same  volume 
of  air  will  be  obtained  whether  the  air  has  passed 
the  furnace  or  not ; that  is  to  say,  the  quantity  of 
air  admitted  to  the  furnace  will  not  be  appreciably 
diminished  in  bulk  by  passing  through  the  furnace. 
From  these  facts  the  following  formula  has  been 
obtained. 

A volume  of  air  V arriving  at  a temperature  t at 
the  furnace. 

In  the  upcast  shaft,  when  the  temperature  is 

/ y 1 -J- 

represented  by  t1,  then  V = y + a{ 

This  shows  that  it  increases  in  volume,  in  a 
proportion  due  to  its  temperature,  and  to  no  other 
agency. 

The  next  question  is,  what  is  the  difference  of 
height  due  to  the  difference  of  temperature  in  the 
two  columns  ? In  mining  engineering  the  difference 
is  called  the  head  of  air , or  motive  column , since  it  is 
the  exact  mathematical  representation  of  the  force, 
exerted  to  produce  the  motion  of  the  two  air  currents. 
This  case  is  found  as  follows  : — 
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Let  H = Head  in  feet. 

B = Depth  of  downcast  shaft  in  feet. 
t = Temperature  of  downcast  shaft. 
T = Temperature  of  upcast  shaft. 


H = B 


T - t 
T + 459 


Or  representing  the  difference  of  the  two  tem- 
peratures by  x, 


H = 


— Bx 
T -f  459 


Or  a simpler  method  of  obtaining  the  same  result 
is  found  as  follows  : — 

Let  D represent  the  length  of  the  downcast 
column  of  air. 

U — Length  of  upcast  ditto. 

T — Humber  of  degrees  in  excess  of  32° 
Fahr.  in  D. 
t = Ditto  in  upcast. 


U=  B 


/480  4-  t\ 
V480  + TJ 


Then  U — B will  equal  the  head  H,  and  8 ’025  VET 
will  give  the  velocity  of  the  air  current  in  feet  per 
second  in  the  upcast  shaft. 

This  result  H will  represent  the  power  we  have 
from  our  furnace  to  impart  motion  to  the  air  column, 
and  can  be  converted  to  inches  of  water-gauge,  as 
follows : — 

The  head  of  air  H must  be  reduced  to  pressure 
in  lbs.  per  square  inch.  The  weight  of  air  in  the 
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upcast  shaft  will  vary,  being  affected  by  the  tempera- 
ture. 

The  weight  W is  thus  calculated  : — 

w_  1-32529  x 30 
459  + t 

w_  39-7587 
~ 459  + t 

When  t the  temperature  is  62°  Fahrenheit  the 
result  is  the  weight  of  one  cubic  foot  of  air  in  decimals 
of  1 lb.  avoirdupois.  Then  the  head  in  feet  must  be 
multiplied  by  the  weight  of  one  cubic  foot  W,  as 
obtained  above. 

W x H = pressure  in  lbs.  per  square  foot  of  air  of 
motive  column. 

The  weight  of  one  cubic  foot  of  air  at  75°  Fahr.  =' 
•0744544  lb.  per  square  foot. 

Referring  to  the  formula  under  head  of  water- 
gauge,  we  find  that  W the  water-gauge  reading  is 
thus  calculated : — 

1-32529x  30  ,, 

X M 

w-  459  + t 
5-196 

M the  motive  column  of  air  in  feet  is  equal  to  the 
velocity  in  feet  per  second,  squared  and  divided  by 
64-4. 

A millimetre  being  0-039370  of  an  inch,  this  may 
easily  be  converted  to  the  French  reading. 

The  calorific  capacity  of  air  was  determined  by 
M.  Regnault,  and  is  represented  by  0-237.  So  that 
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to  raise  1 kilogramme  of  air  1°  Centigrade,  0*237 
kilo,  of  heat  will  be  required. 

The  calorific  power  of  coal  varies  with  its  compo- 
sition, but  to  no  very  great  extent ; as  a general  rule 
it  may  be  estimated  that  1 lb.  of  coal  will  circulate 
13,000  cubic  feet  of  air.  M.  Devillez  states  that  1 
kilogramme  of  small  or  slack  coal  will  produce  7,500 
units  of  heat ; a kilogramme  being  2 lbs.  3^  oz. 

It  is  now  necessary  to  know  what  velocity  is  ac- 
quired for  a given  known  difference  in  temperature 
between  two  shafts,  or  for  a given  head.  This  will 
be  found  as  follows. 

Let  V represent  the  velocity  required  to  be  found 
in  feet  per  second. 

Let  M be  the  height  of  the  motive  column  in  feet. 

V = 8*025  VM 

The  friction  increases  as  the  square  of  the  velocity 
of  the  air  current , and  therefore  the  velocity  of  the  air 
current  will  affect  the  quantity  of  coal  consumed  in 
the  furnaces. 

The  causes  of  the  loss  of  power  with  furnace 
ventilation  are  very  numerous.  M.  Devillez  pro- 
poses  to  allow  double  the  necessary  quantity  of  coal 
consumed  as  a compensation  for  the  loss  caused  by 
the  cooling  action  of  the  sides  of  the  shaft,  and  the 
extra  weight  of  the  column  of  air  in  the  upcast,  due 
to  the  presence  of  carbonic  acid  gas  and  steam. 
From  the  foregoing,  the  principles  of  success  in 


10  THE  VENTILATION  OF  MINES. 

the  construction  of  furnaces  may  be  deduced, 
bearing  in  mind  that  from  13°  to  20°  F.  varia- 
tion of  temperature  between  the  up  and  downcast 
shafts  will  suffice  to  maintain  a brisk  draught,  and 
that  the  whole  of  the  heat  evolved  by  the  com- 
bustion of  the  fuel  must,  if  possible,  be  applied 
directly  to  heat  the  column  of  air  in  the  upcast  shaft. 
The  pumping  shaft  should  be  generally  used,  if 
possible,  for  the  downcast  air  current,  on  account  of 
the  great  absorption  of  heat  that  would  take  place 
were  the  furnace  placed  at  its  foot.  On  account  of 
the  increase  of  the  surface  temperature,  and  there- 
fore of  that  of  the  downcast  current,  a brisker  fire 
will  be  required  in  summer  and  the  reverse  will 
take  place  in  winter.  When  the  pit  is  not  fiery, 
and  the  upcast  is  used  solely  as  an  air  shaft,  and  no 
drawing  takes  place  in  it,  the  furnace  may  be  placed 
in  the  main  return  air-way,  which  may  be  enlarged 
and  terminate  in  the  furnace  : if  the  road  is  through 
rock,  or  non-combustible  strata,  a single  arch  of 
brick  will  suffice ; but  if  the  returns  are  in  the  coal 
measures,  great  care  must  be  taken  to  prevent,  not 
only  the  ignition  of  the  coal  through  the  extreme 
heat,  either  directly  or  by  spontaneous  combustion, 
but  also  the  expansion  of  the  gas  in  the  seam,  and 
the  development  of  a blower  at  the  very  spot  where 
its  presence  is  most  dangerous.  In  this  latter  case 
two  concentric  arches  with  a space  of  at  least  5 feet 
must  be  erected  ; the  space  may  be  well  packed  with 
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sand.  The  upper  arch  will  support  the  rock,  and 
the  lower  one  the  bed  and  grate  of  the  furnace. 

The  general  construction  of  a furnace  is  a very 
simple  matter,  if  the  principles  and  precautions 
inculcated  here  form  the  basis  on  which  the  design 
is  prepared.  In  general  practice,  the  formula 

H — D T~  1 - 
T+  459 

which  gives  the  head  of  air  column,  will  be  sufficient 
to  enable  the  engineer  to  calculate  the  dimensions  of 
the  furnace,  and,  in  laying  down  the  ventilation  of  a 
colliery,  the  following  are  the  steps  to  be  taken  which 
are  explained  in  the  following  chapters. 

In  practice  each  foot  of  area  of  grate  will  yield 
6,500  cubic  feet  of  air.  The  amount  of  air  set  in 
motion  will  be  as  the  square  root  of  the  difference 
of  the  temperature  of  the  downcast  and  upcast,  and 
as  the  square  root  of  the  depth  from  the  surface.  A 
furnace  6 feet  long  by  5 feet  broad  will  give  30,000 
cubic  feet  per  minute. 

The  size,  length  of  the  air-ways,  their  number,  the 
nature  of  the  coals,  number  of  men  and  horses  em- 
ployed, nature  and  quantity  of  goaf  (if  any),  friction, 
powder  smoke,  and  some  other  minor  details  have  to 
be  considered  first. 

The  formulae  are  to  be  worked  out,  and  the  result 
arrived  at  will  be  that  a given  volume  of  air  'per  second 
will  be  found  necessary,  whether  the  ventilation  be 
produced  by  means  of  a fan  or  furnace.  This  point 
must  be  arrived  at,  and  neglect  or  mistakes  in  calcu- 
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lating  it  have  been  the  cause  of  the  most  disastious 
colliery  explosions. 

The  question  will  then  arise,  which  system  will 
be  the  best  to  use,  and  what  are  the  dimensions 
required  to  produce  this  known  quantity  of  air  per 
second  ? This  chapter  has  been  devoted  to  the  laws 
affecting  the  above  question,  when  the  upcast  furnace 
is  used ; the  following  chapter  is  devoted  to  the  fan 
and  its  general  principles. 

For  all  general  purposes  the  following  formula 
will  be  found  useful  when  furnaces  are  to  be  used : — 

Add  461  to  the  temperature  of  the  air  in  the 
downcast  shaft.  This  will  yield  the  absolute  tem- 
perature; the  volumes  will  then  vary  as  the  tem- 
perature. 

To  find  the  velocity  of  the  air  current  in  feet  per 
second  for  a known  head  of  air,  the  following  will  be 
found  useful : — 

Let  H be  the  difference  of  height  in  each  air 
colujnn  or  shaft,  V the  velocity  in  feet  per  second. 

H = head  of  air  in  upcast  in  feet 
V = 8 V~H 

then  if  the  downcast  shaft  air  column  is  equal  to 
1,000  feet,  and  the  upcast  air  column  = 1,400 

400  ft.  = head  of  air. 

H = 400 
8 s/Jl  — 8 V400 
V=  8 (20). 

V = 160  ft.  per  second. 
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This  is  given,  leaving  out  the  decimal  reading  *025, 
which  it  is  hardly  necessary  to  use  in  ordinary 
practice. 


CHAPTER  II. 

THE  VACUUM  FAN. 

Of  late  years  considerable  apprehension  existed  in 
the  minds  of  engineers  respecting  the  use  of  a fur- 
nace in  the  pit ; danger  was  always  present  from  gas 
firing  at  the  furnaces,  and,  after  an  explosion,  diffi- 
culty was  frequently  experienced  in  re-lighting  the 
furnaces.  M.  Guibal  proposed  to  create  a circulation 
of  air  in  the  mine  by  means  of  the  rapid  rotation  of 
a fan ; this  method  of  creating  ventilation  has  been 
largely  adopted  in  collieries,  and  the  following  data 
may  be  taken  as  indicative  of  the  comparative  cost 
of  the  fan  and  furnace  systems;  but  it  must  be  re- 
membered that  there  are  occasions  when  the  furnace 
is  preferable  to  the  fan  and  vice  versa,  and  that  no 
general  rule  can  be  laid  down  as  to  which  system 
is  to  be  used  ; it  must  be  determined  on  by  the 
engineer,  after  due  deliberation  on  the  circumstances 
and  exigencies  of  the  particular  case.  The  fans  now 
used  exhaust  the  air  from  the  top  of  the  upcast  shaft, 
or  at  the  end  of  the  return  air  course  where  they  are 
employed  for  daylight  working.  They  are  divided  into 
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two  classes  : those  which  keep  up  a continuous  cur- 
rent by  centrifugal  action,  such  as  Guibal’s  fan  ; and 
those  which  intermittently  discharge  a given  quantity 
of  air,  as  the  kind  of  rotary  pumps  invented  by 
Cooke  and  Lemielle.  One  of  the  main  objects  of 
M.  Guibal’s  fan  is  to  have  as  low  a final  velocity  as 
possible  in  discharging  the  air  from  the  pit;  because 
whatever  excess  of  velocity  there  may  be  in  the  dis- 
charged air  beyond  the  velocity  of  the  ascending 
current  is  simply  waste  of  power.  The  fan  must  be 
worked  with  the  exact  area  of  discharge  opening 
that  is  suited  to  the  quantity  of  air  to  be  discharged. 
If  the  discharge  opening  be  too  large,  there  is  waste 
of  power,  since  useless  air  is  put  into  motion.  If  the 
opening  be  too  small,  the  discharged  air  meets  with 
a resistance,  which  also  causes  waste  of  power. 

At  Cannock  and  Rugeley  collieries  in  one  pit, 
200  yards  deep,  the  air  circulated  by  the  furnace  is 
103,300  cubic  feet  per  minute  ; the  water-gauge  shows 
0*86  inches  at  bank  and  0-62  in  the  pit.  The  fan 
(Guibal)  gives  180,000  cubic  feet  at  35  revolutions 
per  minute,  with  1^  inches  of  water-gauge  and  8 lbs. 
of  steam  pressure.  The  following  tabulated  state- 
ment shows  the  comparative  cost  of  fan  and  furnace 
under  similar  conditions: — 
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Name  of  Mine. 

System. 

Coal  per  H.P. 
in  pounds  per 
hour. 

Cost  per 
H.P.  in 
pence  per 
hour. 

Coal 

required 

per 

twenty- 

four 

hours. 

Cost  of  coal 
per  annum. 

Tyne  Main  . 

Furnace 

43-45  lbs. 

•582 d. 

3-67 

£ s.  d. 
166  9 6 

Hetton . . . 

>> 

59-60  „ 

0-798 d. 

3-34 

152  0 0 

Pelton  . . . 

Fan 

12-30  „ 

0-165  d. 

1-03 

47  0 0 

Elswick  . . 

10-40  „ 

0T35d. 

0-8.7 

39  17  6 

Whitehaven  . 

>> 

10-70  „ 

0-143<Z. 

0-89 

40  17  6 

Sacre  Madame 

12-30  „ 

0-  165d. 

1-03 

47  0 0 

Guibcd  Fan  at  Stavely. 


Eevolutions 
per  minute. 

Water-gauge. 

Volume  of  air  per 
minute. 

Efficiency  of  the  gross 
indicated  power  of  the 
Engine. 

Inches 

Cubic  feet 

Per  cent. 

32 

•70 

43,852 

40-38 

51 

1-70 

86,283 

43-09 

64 

2-77 

101,773 

53-27 

68 

3-10 

110,005 

53-85 

Diameter  of  Fan  = 30  feet  x 10  feet  wide. 


The  principal  fans  for  ventilating  coal  mines  in 
England  are  the  Schiele  (Union  Engineering  Co., 
Manchester),  Gnibal  and  Waddle.  For  small  works 
the  Schiele  fan  is  very  useful.  Guibal’s  fan  requires 
a good  deal  of  masonry  for  its  erection,  and  absorbs  a 
good  deal  of  power.  Many  mining  engineers  have  a 
high  opinion  of  Waddle’s  fan.  Objection  has  been 
raised  against  the  Schiele  fan  on  account  of  its 
having  to  be  driven  with  a strap  : the  writer  prefers 
it  to  the  others  when  carefully  attended  to  and  driven 
by  an  experienced  man  in  charge. 
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Subjoined  are  a series  of  tabulated  results  with 
Schiele’s  fan  of  recent  construction  taken  with  ac- 
curate instruments. 


Experiments  taken  on  Schiele’s  Ventilator  at  Cortonwood 
Colliery,  Saturday,  April  28,  1877. 


Steam  in  boiler 

Revolutions  of  Schiele’s  fan  . 

Revolutions  of  engine  . 

Point  in  stroke  where  steam 
is  cut  off  . 

Average  pressure  of  steam  on 
piston : 

F end  . 

B end  .... 

Average 

Effective  indicated  H.P.  of 
engine  .... 

W.G.  in  drift  door  30  ft. 
away  from  fan  . 

W.G.  in  pit  . 

Quantity  of  air  circulating  in 
mine 

Effective  H.P.  in  air  measured 
in  pit 

Per-centage  of  useful  effect, 
air  measured  in  pit 


average  60  lbs. 

„ 162  per  min. 

„ 64 


•25 


99 

99 


20-0  lbs.  per  sq.  in. 
25-3  „ 

22-6 


„ 1-57  inches 
„ 12  „ 

„ 219,000  cubic  feet 


99 


54-0 


99 


64-7 


Diameter  of  fan  12  feet.  Engine  25"  cylinder,  driven  by  belt 


from  fly-wheel. 


Measurements  of  Air  at  Iloyland  Colliery , Schiele  s 

Ventilator. 


July  11,  1878.  Present.— Mr.  J.  H.  Carrington.  Viewer  (who 
conducted  the  measurements).— Mr.  Bowling.  Sub-  Viewers.— Mr.  J. 
H.  Penman  and  Mr.  Crighton. 

Revolutions  of  fan  175  per  minute. 

Water-gauge  taken  10  yards  from  fan  l£". 

Places  of  measurement  and  quantity  of 

air  per  minute. 
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Silkstone  Seam. 

Speed 

Revolutions 

air  meter 

per  minute 

South  Return  . 

• . . . 

1,040 

43,680 

North  Return  . 

Parltgate  Seam. 

1,374 

49,464 

North  Return  . 

• • • • 

520 

28,210 

From  North  Intake  (scaled)  . 

2,740 

36,990 

South  Return  . 

t 

Thorncliffe  Seam. 

656 

36,736 

Main  Return  . 

K . . 

210 

14,070 

South  Return  . 

. 

470 

5,757 

Flochton  Seam. 

North  Intake  . 

• • • « 

325 

13,975 

South  Intake  . 

. 

610 

30,652 

Barnsley  Bed  (scaled) 

300 

1,575 

Cubic  feet  per  minute 

. 

. 261,109 

The  closing  in  of  pit  top  not  being  in  a finished  state,  there 
were  considerable  leakages  there,  estimated  at  10,000  cubic  feet 
per  minute,  which  are  not  taken  into  account  in  the  above. 

The  measurements  in  every  place  were  taken  in  five  different 
points  in  each  air  road,  as  under,  the  mean  being  taken  as  the 
speed  of  air  meter. 


0 

Air  Tload 

(!) 

© 

V6) 

© 

The  air  meter  used  was  a new  6"  improved  Biram,  by  Davis  of 
Derby,  and  belonging  to  the  colliery. 

The  fan  is  13'  6"  diameter,  and  is  driven  by  belt  from  fly- 
wheel of  engine,  17  feet  diameter. 


C 
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Schiele's  Fans , 

At  the  collieries  of  Sir  John  Brown  and  Co.,  near  Rotherham. 
{Copies  from  Pit  Experiment  Booh  of  Air  Measurements.') 

October  30,  1876. — No.  2,  fan  9'  6"  diameter,  on  the  Barnsley  bed. 

Engine . . . . 98  revolutions  per  minute. 

Fan  ....  236  „ 

W.  G.  taken  at  top  of  upcast  2^''. 

Air  measured  in  the  Pit. 

West  horse-road 39,345 

East  „ 41,270 

Old  boiler  flues 14,940 

Scales  to  stables  and  heading  ....  8,000 

Total  cubic  feet  per  minute  . . 103,555 

Schiele’s  Ventilator  at  Harris's  Navigation  Colliery, 
Quaker’s  Yard , Pontypridd.  Experiments,  February  15, 
1880,  and  succeeding  days. 

Experiment  I. — Engine  60  strokes.  Fan  159  revolutions.  W.  G. 
at  fan  1T8„". 

Fan  attached  to  drift  250  feet  area.  An  opening  made 
in  the  pit  top  of  136  feet  area.  Quantity  passing — 
314,482  cubic  feet  of  air  per  minute. 

Experiment  II. — Speed  of  fan  and  engine  same.  W.  G.  at  fan  2jL". 
Pit  top  closed  in  and  fan  drawing  through  pit  and  through 
bratticed  mouthing  between  the  shafts. 

Quantity  passing — 269,160  cubic  feet  of  air  per  minute. 

Experiment  III. — Speed  of  fan  and  engine  same.  W.  G.  at  fan  2x8n". 
Pit  top  closed.  Separation  doors  open. 

Quantity  passing — 277,250  cubic  feet  of  air  per  minute. 

Experiment  IV. — Speed  of  fan  and  engine  same.  W.  G.  at  fan  3^-" 
Pit  top  closed.  Most  of  mouthings  in  shaft  stopped.  Fan 
drawing  through  pit. 

Quantity  passing — 146,250  cubic  feet  of  air  per  minute. 

In  this  experiment  it  is  to  be  noted  that  the  air-road  open  in  the 
pit  for  the  wind  was  average  45  feet. 

14  feet  fan  driven  by  belt  from  17  feet  diameter  fly-wheel  on 
engine. 
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Experiments  on  Schiele's  Ventilator  at  Plas  Power 
Colliery , near  Wrexham,  April  15,  1880. 


Steam  in  engine-house 
Revolutions  of  fan 
Revolutions  of  engine  . 

Number  of  experiments 
Average  pressure  of  steam  on 
piston : 

F end 

B end 

Average 

Effective  indicated  H.P.  of  engine 
Average  number  of  revolutions  of 
anemometer  in  south  side  main 
return  ..... 

Revolutions  of  anemometer  in 
north  side  engine-house  scale  . 
Average  number  of  revolutions  of 
anemometer  in  north  main  re- 
turn ...... 

Leakages  understated  . 

Effective  H.P.  of  air  in  pit  . 

Watergauge 

Per-centage  of  useful  effect . 
Quantity  of  air  measured  in  pit  . 


58  lbs. 

129  per  min. 
129  „ 

1 


14- 64  lbs.  per  sq.  in. 
16-17 

15- 4 
62 


636-6  per  min. 


1,093  „ 

5,000  feet 
30-2 

1-6  inches 
58 

141,920  cubic  feet 


Fan  13'  6"  diameter.  Engines  20"  diameter  cylinder  and  20"  stroke. 


These  data,  as  far  as  regards  the  furnace  system, 
are  not  accurate  as  to  cost,  as  the  furnaces  are 
of  rather  antiquated  origin,  and  of  late  years  have 
been  very  considerably  improved. 

Where  V = radius  of  the  circle  against  which  the 
shutters  of  the  fan  are  fixed. 

R = radius  of  the  hollow  cylinder  of  the  fan. 

Ml  = mass  of  air  contained  within  the  two  ad- 
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jacent  shutters  xz — zn,  and  between  the  two  cylin- 
drical surfaces. 

M"  = mass  of  air  contained  between  the  same 
two  shutters,  and  between  the  second  and  third 
cylindrical  surface,  at  a distance  of  Zx  from  the 
centre. 

M = mass  of  air  contained  between  the  last  two 
cylindrical  surfaces  at  a distance  R from  the  centre. 

Let  us  suppose  the  rotation  round  its  centre  0 of 
the  cylinder  to  be  of  a uniform  speed  F,  the  volume 
of  air  contained  within  the  cylindrical  surfaces  will 
be  impelled  by  the  shutters,  and  will  be  acted  upon 
by  the  rotary  motion  of  the  fan,  then  the  following 
will  denote  the  centrifugal  force  developed. 

The  centrifugal  force  developed  by  the  mass  M1  = 
M>  V2z. 

That  developed  by  the  mass  M"  = M"  V2  z1,  giving 
a result  for  the  mass  M,  M=M  V2  R. 

In  general  practice  it  will  suffice  to  erect  a fan 
guaranteed  to  give  a certain  result : the  makers  of 
vacuum  fans  have  results  which  will  be  sufficiently 
accurate  to  go  by,  and  the  velocity  of  the  air  can  be 
regulated  by  air  regulators ; on  no  account  whatever 
piust  the  regulators  be  placed  in  the  intake  currents, 
or  downcast  shaft,  as  the  air  being  drawn  out  of  the 
pit  at  a greater  speed  than  it  enters  it,  a depression 
will  be  caused  that  may  produce  a blower  of  gas. 

A duplicate  engine  must  be  attached  ready  for 
use  in  case  of  a breakdown,  and  the  engine  must  be 
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properly  governed  to  run  steadily  at  any  speed. 
Care  must  also  be  taken  to  construct  a drift  to  the 
fan  from  the  upcast  shaft,  so  that  in  the  event  of  an 
explosion  the  fan  itself  and  its  gear  may  not  be 
damaged.  There  are  so  many  forms  of  centrifugal 
ventilators  and  vacuum  fans,  that  a description  of 
all  would  be  impossible  ; the  following  chapter  will 
give  the  rules  (expressed  arithmetically)  to  find  the 
cubic  feet  of  air  per  minute  required  to  ventilate  the 
pit,  and  the  fan  must  be  guaranteed  by  the  manu- 
facturer to  yield  this  result  with  a fair  margin,  in 
case  of  emergency. 

Phosphor  bronze  bearings  in  the  fan  itself  will  be 
found  an  economy ; and  great  attention  should  be 
paid  to  the  trimming  of  the  oil  cups,  the  firing  of  the 
engine,  and  the  air  doors  in  the  pit,  or  the  fan  is  no 
economy  over  the  furnace. 

In  designing  centrifugal  fans  the  following  rules 
may  be  observed  for  proportions.  D = diameter  of 
fan,  V = velocity  in  feet  per  second  of  the  tips  of  the 
fan  blades.  P — pressure  in  lbs.  per  square  inch. 


V = Vpx  97300 


P = 


V2 

97800 


D 


D 

2 


Length  of  vane  =--  Diameter  of  centre  =— 
Width 


I) 


Eccentricity  of  fan 


D 

10 
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Note  on  the  Velocity  of  Air  in  Mines. 

It  lias  been  shown  that  a high  velocity  is  not 
desirable  in  the  air- ways. 

Subjoined  is  a table  of  velocities,  pressures,  and 
relative  power  required  to  effect  these  pressures  and 
velocities. 


Velocity  in  feet  per 
second. 

Relative  Pressure. 

Relative  Power. 

3 

1-00 

1-00 

4 

1-77 

2-37 

5 

2-77 

4-63 

6 

4-00 

8-00 

7 

5-44 

12-70 

8 

7-11 

18-96 

9 

9-00 

27-00 

10 

11*11 

37-03 

12 

16 '00 

64-00 

14 

21-77 

101-63 

16 

28-44 

151-70 

Thus,  if  we  have  an  air-way  and  pass  air  through 
it  at  three  feet  per  second,  and  suddenly  increase  that 
velocity  to  nine  feet  a second,  we  now  only  require  3 
times  the  pressure  to  do  it,  but  27  times  the  power. 
The  higher  the  velocity  of  the  air  the  more  coal-dust 
will  be  liberated  in  the  mine ; and  Mr.  Galloway’s 
results  show  that  a mixture  of  coal-dust  and  air  is  in- 
flammable if  it  contains  any  larger  proportion  of  fire- 
damp than  0*892  per  cent.,  so  that  it  is  a matter  of 
grave  consideration  for  the  manager  to  determine 
the  maximum  velocity.  Further,  a high  velocity  will 
blow  the  incandescent  particles  of  wick  through  the 
gauze  of  every  safety-lamp  but  Williamson’s  and 
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Stephenson’s,  when  the  miner  knocks  the  top  of  the 
wick  off  his  light  with  the  pricker.  With  Davy 
lamps  the  miner  should  shield  his  lamp  with  his 
body  when  doing  this.  The  velocities  of  air  in  the 
north  of  England  appear  generally  greater  than  in 
South  Wales  and  Cannock  Chase.  The  reason  is 
that  in  the  north  the  roofs  are  bad  and  the  pits  not 
of  such  recent  date,  consequently  the  furnace  venti- 
lation yields  a velocity  that  cannot  be  regulated  so 
easily  as  with  the  fan  system. 


CHAPTER  III. 

THE  LAWS  OF  CHEMICAL  COMBINATION  AS  APPLIED 

TO  COMBUSTION. 

In  calculating  the  velocity  and  quantity  of  the  air 
current,  the  first  thing  it  is  necessary  to  know  is 
the  rule  for  ascertaining  the  quantity  of  air  required 
for  the  complete  combustion  of  the  principal  form  of 
fuel ; and  it  will  be  noted  that  the  method  of  pro- 
ceeding to  arrive  at  the  result  must  be  taken  as  the 
rule  to  follow  in  all  other  calculations  of  a similar 
nature.  The  laws  of  inorganic  chemistry  will  be 
found  to  apply  here,  and  a careful  perusal  of  the 
laws  of  chemical  combination  and  affinity  will  enable 
the  reader  to  arrive  at  a result  with  comparatively 
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little  labour.  In  the  first  place,  the  combination  of 
any  two  substances  is  simply  their  oxidation  with  the 
evolution  of  heat,  and  frequently  light ; such  pro- 
ducts as  are  compound  products — for  instance,  coal — 
cannot  be  entirely  oxidised,  i.e.  their  combustion  is 
not  complete,  and  the  residue  is  found  in  partially 
consumed  particles ; this  we  see  in  the  smoke 
evolved  from  a furnace,  and  it  may  be  taken  as  a 
general  rule  that  the  more  complete  the  combustion 
the  less  the  smoke. 

There  is  no  destruction  of  matter  or  loss  of  weight 
in  combustion.  For  instance,  a candle  is  lit  and 
burned  out ; a small  quantity  of  ash  on  the  end  of 
the  wick  is  all  that  remains  to  the  naked  eye,  yet 
the  candle  is  not  destroyed ; the  ingredients  of  the 
candle  have  combined  in  certain  proportions  with  the 
oxygen  and  aeriform  products,  viz.  aqueous  vapour 
and  carbonic  anhydride,  weighing  really  more  than  the 
original  candle.  This  gain  in  weight  represents  the 
exact  quantity  of  oxygen  absorbed  and  used  hi 
bringing  about  the  combustion  of  the  candle ; and  it 
would  be  found  that  the  decrease  in  weight  of  a 
volume  of  air,  sufficient  to  support  the  entire  com- 
bustion of  the  candle,  would  be  exactly  equal  to  the 
increase  of  weight  of  the  remaining  products  of  the 
candle  after  combustion. 

Four  laws  govern  the  combination  of  chemical 
substances. 

I. — When  one  body  combines  with  another  in 
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several  proportions,  the  higher  proportions  are  multi- 
ples of  the  first  or  lowest.  Thus  oxygen  and  hydrogen 
are  contained  in  water  in  the  following  proportion — 

16  parts  oxygen,  2 hydrogen. 

The  elements  unite  to  form  water.  Here  the  pro- 
portion of  oxygen  is  32  to  2 parts  hydrogen. 

II.  — The  same  substance  always  consists  of  the 
same  elements  united  in  the  same  proportion. 

III.  — If  two  bodies  combine  with  a third  body, 
they  are  multiples  of  the  proportions  in  which  they 
may  combine  with  each  other.  Thus  carbon  unites 
with  oxygen  in  the  proportion  of  12  parts  by  weight 
of  the  former  to  16  of  the  latter.  Hydrogen  unites 
with  oxygen,  as  already  shown,  in  the  proportion  of 
2 to  16.  Fire-damp  is  a compound  of  carbon  and 
hydrogen.  Here  12  parts  carbon  are  united  with  4, 
or  2 x 2,  parts  of  hydrogen. 

IY. — The  combining  proportion  of  a compound  is 
the  sum  of  the  combining  proportions  of  its  con- 
stituents. Thus  sulphur  peroxide  is  a combination 
of  sulphur  and  oxygen  in  the  proportions  of  32  to  48, 
the  sum  of  which  is  80  ; water,  of  hydrogen  and 
oxygen  in  the  proportion  of  2 to  16;  the  sum  of  the 
latter  numbers  is  18.  When  sulphur  peroxide  is 
added  to  water,  it  unites  in  the  proportion  of  80 
parts  of  the  former  to  18  of  the  latter. 

These  laws  will  enable  the  reader  to  calculate  all 
questions  relating  to  combustion. 
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In  ventilating  a mine,  therefore,  we  have  to  take 
into  consideration  all  substances  in  the  mine  that 
will  require  oxidation,  such  as  the  human  beings,  or 
rather  the  human  blood,  that  of  the  horses,  the 
flames  of  the  lamps,  the  dilution  of  the  gases,  the 
flame  of  the  furnace  (if  any),  and  the  gunpowder 
smoke.  These  items  are  the  causes  that  draw  on  the 
ventilating  current  chemically  : added  to  this  we 
shall  find  that  we  have  causes  that  affect  the  volume 
and  velocity  of  the  current  mechanically.  I propose 
to  deal  with  these  separately.  They  are  both  the 
most  important  features  in  ventilation.  Neglect  of 
these  two  features  has  caused  the  most  disastrous 
explosions,  and  the  only  way  to  provide  against  their 
recurrence  is  thoroughly  to  master  the  scientific  laws 
which  govern  the  former  item,  and  the  mechanical 
and  practical  causes  which  affect  the  latter ; having 
done  this,  provision  must  be  made  for  their  joint 
demands,  and  they  both  must  be  provided  for,  in 
estimating  the  velocity  and  volume  of  the  venti- 
lating current.  The  means  for  producing  the 
current  must  then  be  determined  on ; but,  firstly,  the 
effective  power,  whether  of  the  furnace  or  the  fan,  as 
the  case  may  be,  must  be  decided  on,  on  the  basis  of 
the  formula  previously  given  to  arrive  at  the  required 
result  in  the  two  previous  chapters. 
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CHAPTEK  IY. 

CHEMICAL  INTERFERENCE  WITH  THE  MAIN  AIR 

CURRENT. 

The  first  and  most  important  is  the  presence  of  fire- 
damp, or  earbnretted  hydrogen. 

Its  chemical  composition  is  as  follows  : — 

1 atom  of  carbon  to  4 atoms  of  hydrogen  repre- 
sents marsh  gas.  CH 4 is,  therefore,  its  chemical 
symbol.  Twice  the  amount  of  air  renders  it  violently 
explosive,  and  an  explosion  of  fire-damp  is  thus 
represented  chemically : — 

2 vols.  4 vols.  _ 2 vols.  L 4 vols. 

~CHf~  + ~20~  ~ ~COf  . 2 OH^ 

The  4 volumes  of  oxygen  which  20  volumes  of 
atmospheric  air  contain  produce  2 volumes  of  car- 
bonic acid  and  4 volumes  of  steam  ; on  the  conden- 
sation of  the  steam,  16  volumes  of  nitrogen  remain 
mixed  with  the  carbonic  acid.  This  product  is  the 
after- damp.  . Here  we  have,  then,  a gas  which 
possesses  a great  affinity  for  oxygen,  and  which, 
therefore,  will  weaken  the  effect  of  the  main  air 
current  by  absorbing  a portion  of  its  oxygen.  In 
what  proportion  it  will  be  absorbed,  volume  for 
volume,  may  be  ascertained  by  the  laws  we  have 
previously  given  affecting  chemical  combination. 

To  ascertain  how  much  air  will  be  polluted  by  the 
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coal  gas  is  the  first  question ; this  is  calculated  as 
follows : — The  quantity  of  air  discharged  into  the 
air- ways  of  a colliery  will  always  bear  a direct: 
relation  (i.)  to  the  area  of  the  surface  of  the  coal,  such 
as  the  roof,  side,  bottoms,  &c.,  exposed  to  the  action 
of  the  ventilating  current ; (ii.)  to  the  cubic  contents 
of  the  coal  wrought.  Each  piece  of  coal  wrought 
discharges  through  its  faces  a small  amount  of  gas. 
We  must  think  of  a small  lump  of  coal  as  if  it  were 
a model  coal  mine. 

To  estimate  the  amount  of  air  necessary  to  dilute 
the  coal  gas,  we  must  proceed  as  follows  : — 1 cubic 
inch  of  coal  yields,  or  is  capable  of  yielding  under 
an  air-pump,  a volume  of  gas  equal  to  its  own 
bulk.  1 cubic  foot  of  coal  will  yield  1 cubic  foot  ol 
gas. 

It  will  be  seen  by  examining  the  nature  of  fire- 
damp, that  unless  the  gas  is  diluted  with  more  than 
15  times  its  volume  of  air,  it  will  be  explosive ; 
therefore,  15  x 1 = amount  of  air  required  to  dilute 
the  gas  yielded  by  1 cubic  foot  of  coal. 

The  result  is  obtained  by  multiplying  the  cubic 
contents  of  the  coal  in  feet  by  15.  The  result  is  given 
in  cubic  feet  of  air.  We  advise  our  readers  to  in- 
crease this  number  15  to  100,  to  provide  for  contin- 
gencies, such  as  blowers,  &c.,  then  100  cubic  feet  of 
air  will  be  required  for  each  cubic  foot  of  coal 
wrought  in  the  seam. 

Next,  we  have  the  withdrawal  of  oxygen  from 
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tlie  atmosphere  in  the  pit,  consequent  on  combustion, 
respiration,  candles,  lamps,  and  furnaces. 

We  have  to  allow  for  these  as  follows : — 

If  we  have  a furnace  at  the  foot  of  the  upcast 
shaft,  then,  since  in  oxidation  1 atom  of  carbon 
unites  with  2 atoms  of  oxygen,  following  the  laws  of 
affinity  in  chemistry,  we  find  that  the  atomic  weight, 
or  figure  denoting  the  combining  proportion  of 
carbon,  is  12,  that  of  oxygen  16. 

The  oxygen  will  be  represented  by  32,  since  there 
are  2 atoms  of  this  gas,  the  carbon  by  12. 

32  -r-  12  will  give  us  the  amount  of  oxygen 
required  to  oxidise  a piece  of  carbon.  Let  us 
suppose  then  that  1 lb.  of  coal  is  to  be  burnt  in  the 
furnace  per  second.  Then  32  12  = oxygen  in 

lbs.  per  second  = 2f  lbs. 

1 lb.  of  hydrogen  will  require  8 lbs.  of  oxygen  by 
the  same  rule,  for — 

1 being  the  atomic  weight  of  hydrogen, 

16  „ „ „ oxygen, 

E2  0 = the  product, 
or  16  -r-  2 = lbs.  of  oxygen, 

= 8 lbs. 

The  composition  of  air  inhaled  and  exhaled  is 
given  in  the  following  tables  as  a reference. 

Before  entering  the  lungs  : — 

Nitrogen 79-0 

Oxygen 21-0 


100-0 
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When  exhaled  from  the  lungs  : — 

Nitrogen 790 

Oxygen 17-5 

Carbonic  Acicl 35 

1000 

3^  units  of  oxygen  are,  therefore,  extracted  from 
the  air  by  the  action  of  the  lungs,  and  applied  to 
oxidise  the  carbon  in  the  blood  cells.  A cubic  foot 
of  air  breathed  will  be,  therefore,  vitiated  by  3^  per 
cent,  of  carbonic  acid  gas  ; therefore,  each  person 
will  discharge  from  his  lungs  into  the  mine  0*035  x 
60  = 2*10  cubic  feet  per  hour. 

Medical  authorities  state  that  an  average  inhala- 
tion of  air  is  represented  by  1 cubic  foot  per  minute 
when  the  person  is  awake. 

A horse  breathes  6*3  times  the  volume  per  minute 
of  a man. 

•035  x 6*3  x 60  f cu^^c  car^onic  acid 

13*230  ' Per  ^orse  Per  hour  dis- 
- charged  into  the  mine. 

We  have  now  to  consider  the  effect  of  the  lamp 
and  candles,  and  the  gunpowder.  We  shall  then  be 
in  a position  to  estimate  the  total  chemical  vitiation 
of  the  air  of  the  mine  for  a given  time. 

A candle  or  lamp  produces  about  2*51  cubic  feet 
of  carbonic  acid  per  hour  by  experiment ; this  is 
shown  by  the  fact  that  if  a candle  is  burned  in  a 
xdose  vessel  containing  1 cubic  foot  of  air,  *20  of  the 
volume  of  air  is  deprived  of  the  oxygen,  since  it  is 
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reduced  in  bulk  to  that,  or  nearly  that,  extent.  The 
proportion  of  oxygen  in  air  is  21  per  cent.,  therefore, 

•20  x *21  x 60 

= cubic  feet  vitiated  per  hour  per  lig’ht, 

= 2-52. 

I find,  by  experiment,  that  2*51  is  nearer  the 
mark  as  an  average  reading.  Let  x — number  of 
lamps  used,  then  2'51  x x = air  in  cubic  feet  per 
hour  vitiated  by  lamps,  the  rule  being  to  multiply  the 
number  of  lamps  used  by  2*51. 

Gunpowder  is  our  next  source  of  vitiation,  and  is 
a most  important  one,  since  the  presence  of  nitrous 
fumes  proves  so  very  detrimental  to  the  health  and 
the  eyesight  of  men  and  horses  in  a mine.  M. 
Andre  estimates  the  effect  of  ordinary  blasting 
powder  to  be  as  follows  : — 

1 lb.  of  powder  produces  0-30  lb.  carbonic  acid.  1 
cubic  foot  of  carbonic  acid  weighs  *11 64  lb.  per  pound 
of  powder  consumed. 

Tl~64  = cu^c  carbonic  acid  gas  discharged 

per  pound  of  powder  fired. 

= 2-58  cubic  feet  per  lb.  of  powder. 

White-damp,  or  carbonic  oxide,  is  another  source 
of  evil,  and  is  very  often  ignored  by  engineers. 

Its  affinity  for  oxygen  is  very  great.  It  cannot 
be  found  with  a candle ; and  here  let  me  take  the 
opportunity  of  warning  well-sinkers  that  to  test  the 
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atmosphere  of  the  shaft  with  a candle  is  the  most 
foolish  and  wrong  proceeding  ; by  all  means  test  for 
the  presence  of  carbonic  acid  gas  with  a candle,  but 
it  must  be  borne  in  mind  that  carbonic  oxide  is  a 
'poison ; it  does  not  suffocate,  but  actually  kills  men 
by  its  poisonous  action  on  the  blood,  producing 
fainting  and  giddiness,  and  because  a candle  burns 
in  a well  it  should  never  be  assumed  that  the  atmo- 
sphere is  sufficiently  pure  for  a man  to  live  in  it.  An 
atmosphere  of  one  per  cent,  of  this  gas  is  fatal  to 
warm-blooded  animals.  It  is  lighter  than  air,  and 
will  therefore  be  found  in  the  roof,  and  will  be 
detected  by  its  peculiar  odour ; imperfect  spontaneous 
combustion  of  wood  and  coal  produces  it ; small  ex- 
plosions of  fire-damp  in  a large  space  produce  it  also. 
Fortunately,  in  estimating  the  volume  of  the  air 
current,  one  may  neglect  to  take  into  account  the 
presence  of  carbonic  oxide,  as  if  precaution  be  taken 
it  will  not  present  itself. 

We  have  now  got  possession  of  all  the  data  to 
estimate  the  total  amount  of  chemical  vitiation  as 
follows : — 

Fire-damp  allowed  for  as  under  : 

1 cubic  foot  of  coal  requires  100  cubic  feet  of  air. 

Furnace ; 1 lb.  of  coal  requires  2§  bulk  of  oxygen 
per  second. 

1 horse  discharges  13*230  cubic  feet  of  carbonic 

acid  per  hour. 


>5  t> 


1 man 


2*10 
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1 lamp  discharges  2*51  cubic  feet  of  carbonic 

acid  gas  per  hour. 

1 lb.  of  powder  ,,  2*58  „ „ 

Added  to  this,  we  must  allow  for  effluvia  2 cubic 
feet  of  air  per  minute  per  person. 

2-10  cubic  feet  of  carbonic  acid,  discharged  per 
hour  per  man,  must  be  diluted  to  allow  the  air  in 
the  pit  to  contain  not  more  than  *35  per  cent,  of 
carbonic  acid,  or  the  men  would  be  gradually  choked 
oft.  This  will  require  600  cubic  feet  of  air.  Each 
man  requires  600  cubic  feet  of  air  per  hour  = 10 
cubic  feet  per  minute. 

Then  each  lamp  will  require,  by  proportion,  720 
cubic  feet  per  hour,  or  1 2 cubic  feet  per  minute. 

If  each  man  has  a lamp, 

10  + l9  — f cubic  feet  of  air  per  minute 
L for  the  man  complete. 

10  + 12  -f  2 = the  amount,  allowing  2 cubic 
feet  for  effluvia. 

= 24  cubic  feet  per  minute  per  man 
and  lamp  employed . 

Horses  : — 

Each  horse  produces  6'3  times  more  the  amount 
of  carbonic  acid  than  a man. 

As  a general  rule,  3 men  equal  1 horse  in  air 
breathed. 

. • . 3 x 24  = cubic  feet  per  horse  per  minute. 

= 72  cubic  feet  per  minute  per  horse 
employed. 

D 
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Mr.  Andre,  in  his  able  work  on  mining  engineer- 
ing, states  that  : the  quantity  of  air  required  by 
eight  men  will  be  taken  up  by  consuming  1 lb.  of 
powder,’  for  reasons  set  forth  previously. 

Assuming  this  to  be  correct,  which  may  certainly 
be  done, 

8 x 24  = cubic  feet  of  air  per  lb.  of  powder 
fired. 

= 192  cubic  feet  per  lb.  of  powder 
fired. 

In  estimating  the  amount  of  air  required  for 
dilution  as  a factor  of  safety,  2,  or  twice  the  amount 
required,  is  just  within  the  limits  ; when  blowers 
exist,  from  2 to  6 times  the  amount  must  be  allowed. 

Now  .the  formula  adopted  by  nearly  all  mining 
authorities  to  estimate  the  quantity  of  air  required 
in  cubic  feet  per  minute  per  district,  if  the  mine  is 
divided  off  into  districts,  is 

Q = quantity  of  air  per  minute  in  cubic  feet. 

M — number  of  men  at  work  in  the  mine. 

PL  — ,,  liorses  „ „ 

P = lbs.  of  gunpowder  fired  per  hour. 

0 = output,  or  quantity  of  coal  raised  per 
minute. 

A = area  of  surface  coal  exposed  to  the  ven- 
tilating current,  in  yards. 


Then  Q = M24  + H 72  + P 192  + 0 100  + A 
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Where  1 ton  of  coal  wrought  = 1 cubic  yard  of 
coal. 

Then  if  the  output  be  100  tons,  the  expression  0 
= 100  cubic  yards. 

The  average  quantity  of  coal  raised  per  minute, 
or  output,  is  thus  calculated. 

If  the  total  output  raised  is  300  tons  in  12  hours 
by,  let  us  say,  60  men, 

Each  man  raises  5 tons  in  12  hours. 

720  : 1 ::  5 

or  Y2~o  a fon  Per  man  Per  minute. 

Then  in  a mine  where  there  are  400  men,  30 
horses,  and  the  coal  surface  is  1,000  yards, 

The  output  600  tons  per  day  of  12  hours,  and  the 
powder  used  8 lbs.  per  hour, 

Q = 24  (400)  + 72  (30)  + 192  (8)  + 100  (17|) 
+ 1000. 

Q = 9600  + 2160  + 1536  + 1766f  -f  1000. 

Q = 16062-f  cubic  feet  per  minute. 
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CHAPTER  Y. 

MECHANICAL  INTERFERENCES  WITH  VELOCITY  OP 
THE  AIR  CURRENT. 

We  have  seen  in  the  previous  chapter  that  allowances 
must  be  made  for  the  consumption  of  oxygen,  vitia- 
tion of  the  remaining  air,  and  the  dilution  of  the 
gases,  in  estimating  the  quantity  of  the  air  current. 

The  velocity  of  the  current  will  ■ be  affected  by 
three  things  : the  friction  of  the  air  along  the  sides  of 
the  air-ways  ; the  divisions  of  the  main  air  current ; 
and  the  position  and  extent  of  the  stoppings  and  air 
doors. 

The  friction  of  the  air  current  will  depend  on  the 
area  of  the  rubbing  surface  traversed  by  the  air ; in 
the  case  of  fluids,  the  friction  is  overcome  by  in- 
creasing the  head,  and  the  fall  is  thus  calculated. 

L = Length  of  channel  tube  in  yards. 

A = Cross  sectional  area  of  the  stream  in  square 
feet. 

P = Perimeter  in  feet. 

F = Pall  or  difference  of  level  in  inches  of  the 
two  ends  of  the  pipe. 

C = Cubic  feet  of  water  discharged  per  minute. 
Q2  X L x P 
874320  x A 

We  cannot,  however,  make  a 6 fall  ’ for  the  air 
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current,  but  we  can  increase  tbe  ‘ bead ; ’ and  the 
velocity  of  the  air  current  must  be  sufficient,  not 
only  to  overcome  the  friction,  but  to  sweep  the  face 
of  the  seam  sufficiently  fast  to  secure  good  ventilation  ; 
a large  volume  of  air  at  a medium  velocity  is  better 
and  safer  ventilation  for  a fiery  pit  than  a small 
quantity  at  a high  velocity.  The  whole  pit  must  be 
filled  with  air , and  this  can  only  be  accomplished  by 
a larger  volume,  if  possible,  than  it  will  hold.  At 
Haswell  Colliery,  J-Q-  of  the  ventilating  pressure  is 
spent  in  overcoming  the  friction  of  the  air ; the  re- 
maining T\  creating  the  final  velocity  at  the  top  of 
the  upcast  shaft.  The  amount  of  friction  of  the  air 
can  only  be  estimated  by  the  amount  of  force  required 
to  overcome  that  friction ; , but  since  the  friction  is 
directly  affected  by  the  area  of  the  rubbing  surface, 
the  pressure  required  to  overcome  the  friction  will 
be  proportionate  to  the  area  of  the  rubbing  surface ; 
and  if  this  area  is  multiplied  by  any  number,  the 
friction,  and  consequently  the  pressure  required  to 
overcome  it,  is  increased  in  a like  degree.  To  get 
the  greatest  effect  with  the  least  amount  of  friction, 
we  require  to  find  a figur.e  whose  perimeter  or  cir- 
cumference will  be  least  for  the  greatest  sectional 
area. 

The  perimeter  of  a square  is  4 when  its  sectional 
area  is  1,  but  the  perimeter  of  a circle  is  3T416  for 
an  equal  area  of  1. 

Then  we  should,  if  possible,  use  circular  air- ways  ; 


38 


THE  VENTILATION  OP  MINES. 


the  friction  of  any  fluid,  whether  air,  gas,  or  water, 
varies  as  the  density  of  air,  gas,  or  water. 

An  air- way  4 ft.  x 5 ft.  has  a perimeter  of  20 
feet;  the  perimeter  multiplied  by  the  length  gives 
the  area  or  rubbing  surface  r. 

r = p x L 

Where  r is  the  area,  p the  perimeter,  and  L the 
length. 

So  that  if  the  above  air-way  were  1,500  feet  long, 
the  rubbing  surface  would  be  30,000  square  feet ; in 
an  air -way  4 ft.  x 10  ft.  and  of  an  equal  length  the 
rubbing  surface  = 4 x 10  x 1,500. 

= 60,000  square  feet. 

Thus  for  four  times  the  area  there  is  only  twice 
the  extent  of  rubbing  surface ; if  we  divide  this  air- 
way into  four  equally  small  ones,  such  small  air-ways 
will  have  a perimeter  of  20  feet ; therefore  the  total 
perimeter  of  the  four  air-ways  is  equal  to  4 x 20  = 80 
feet. 

80  x 1,500  = total  rubbing  surface. 

= 120,000  square  feet, 

the  friction  being  double. 

Therefore  one  large  air-way  is  more  economical 
than  a number  of  small  ones  making  up  the  same 
size  as  the  large  air-way,  but  frequently  it.  is  more 
convenient  to  have  a number  of  small  ways  than*  one 
large  one.  A feature  to  be  recollected  in  speaking  of 
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the  pressure  employed  in  ventilating  a colliery  is 
that  it  is  the  pressure  in  pounds  per  square  foot  that 
is  meant,  and  that  the  pressure  will  depend  naturally 
on  the  area  over  which  it  is  distributed  ; for  instance, 
10  lbs.  per  square  foot  on  an  air-way  containing  100 
square  feet  is  a total  pressure  of  1,000  lbs. ; in  mining 
the  pressure  is  reckoned  in  lbs.  per  square  foot  of 
sectional  area  of  the  air-way,  as  in  mechanical 
engineering  the  total  force  acting  upon  the  piston 
of  a locomotive  engine  is  obtained  by  multiplying 
the  pressure  per  each  square  inch  into  the  area  of 
the  piston. 

The  resistance  to  the  air  depends  on  the  perimeter 
of  the  way,  and  the  pressure  per  square  foot  neces- 
sary to  overcome  the  friction  will  vary  as  the  sectional 
area  of  the  air-way,  as  in  the  steam-engine. 

The  laws  governing  the  friction  of  fluids  in  pipes 
are  as  follows  : — 

(i.)  For  a given  section  of  an  air-way,  the  resist- 
ance from  friction  will  increase  directly  as  the  length 
of  the  airway. 

Thus,  an  air-way  5 ft.  x 4 ft.  has  a perimeter  of 
20  ft.  ; if  the  way  is  10  ft.  long  the  rubbing  surface 
is  20  x 10,  or  200  square  feet ; if  the  air-way  is 
increased  in  length  to  20  ft.,  the  rubbing  surface  is 
20  x 20,  or  400  square  feet ; if  we  double  the  air- way 
in  length,  we  double  the  rubbing  surface,  aud  vice 
versa.  This  feature  points  out  the  necessity  of  making 
each  air-way  of  nearly  equal  length,  and  the  ‘ run,5 
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i.e.  the  distance  the  air  has  to  travel,  should  be  as 
short  as  possible. 

(ii.)  The  resistance  due  to  friction  will  vary  as 
the  area  of  section  varies. 

The  perimeter  of  a circle  was  shown  to  be  3*1416 
when  its  diameter  is  1 ; that  of  a square  is  4 when 
its  diameter  is  1.  The  perimeter  of  any  rectangular 
figure  is  obviously  greater  than  that  of  a circular  figure. 

We  cannot  use  circular  ways,  and,  therefore, 
square  ones  are  the  next  best. 

(iii.)  The  resistance  due  to  friction  in  any  air-way 
of  a given  sectional  area  is  less  than  the  resistance 
due  to  friction  in  several  air-ways  of  a respectively 
less  area,  but  the  sum  of  whose  area  is  equal  to  the 
area  of  the  single  air-way. 

Thus,  in  an  air- way  10  ft.  x 10  ft.  the  perimeter 
is  40  ft. 

Let  us  suppose  two  air- ways,  each  half  the  size  of 
the  large  one,  the  diameter  of  which  is  40  ft. ; then  we 
have  two  ways,  5 ft.  x 5 ft.,  whose  perimeters  each 
equal  20  ft. ; their  total  perimeter  equals  40  ft.,  but 
their  respective  areas  being  half  the  large  one,  four  of 
the  areas  of  the  small  ways  will  equal  the  area  of 
the  large  one.  The  friction  will  be  twice  the  amount 
in  the  large  way  for  the  two  small  ones ; therefore, 
one  large  air- way,  as  before  explained,  is  preferable 
to  two  small  ones. 

The  friction  of  the  air  has,  therefore,  to  be  over- 
come by  pressure  on  the  air  column,  read  and  esti- 
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mated  in  lbs.  per  square  foot.  This  pressure,  we 
have  seen,  will  vary  with  the  area,  as  in  the  case  of 
the  steam-engine. 

If  we  have  two  air-ways,  one  5 ft.  x 4 ft.,  the 
other  4 ft.  x 3 ft.  in  section,  the  area  of  the  first  is 
20  ft.,  and  the  second  12  ft.  of  the  pressure 
required  by  the  former  will  serve  for  the  ventilation 
of  the  latter.  If  we  treble  the  velocity  of  the  air 
current,  we  treble  the  extent  of  the  rubbing  surface, 
since  three  times  the  amount  of  air  passes  over  its 
surface  in  the  same  space  of  time  that  one  volume 
did.  This  is  the  foundation  of  the  assumption  that 
the  resistance  increases  as  the  square  of  the  velocity, 
and  this  is  the  law  that  governs  friction  under 
variable  velocities. 

A previous  chapter  showed  how  to  find  H,  the 
head  of  air  necessary  to  produce  ventilation.  The 
head  being  expressed  in  feet,  multiply  the  head  by 
00765  lb.  (pressure  of  1 ft.  of  air  at  60°  F.),  and 
divide  the  product  by  5*2  lbs.  (pressure  of  1 in.  of 
water),  and  the  result  is  the  watergauge  reading. 

The  head  (H)  is  a fraction  {K)  of  the  product  of 
the  rubbing  surface  ( 8 ),  multiplied  by  the  square  of 
the  velocity  (F)  in  feet  per  second,  divided  by  the 
sectional  area  (A)  of  the  air-way. 

Then—  „ K 8 V2 

~ A 

The  value  of  K has  been  determined  as  for  a 
velocity  of  one  fraction  per  second. 
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K=  0-00011. 

K — 0*00033  for  a mine, 


and  *00066  will  be  found  more  reliable  in  practice. 

Thus,  to  find  the  resistance  of  an  air- way  7 ft.  x 8 
ft.,  1,000  ft.  long,  the  velocity  (F)  being  4 ft.  per 
second. 

8 = 60,000  square  feet. 
a = 8 x 7 = 56  square  feet. 

Then—  h = *00066  x 60,000  x (4)2 

56 

h = *00066  x 60,000  x 16 
56 


= 11*31  ft.  of  pressure  or 
0*17  in.  of  water-gauge. 


The  following  formula;  are  now  all  that  are  re- 

O 

quired  to  be  known. 

"Let  P = pressure  per  square  foot. 

A — sectional  area  in  square  feet. 

8 = rubbing  surface  in  square  feet. 

V = velocity  in  1,000  feet  per  minute,  as 
a unit  of  velocity. 

K = co-efficient  of  friction. 

To  find  total  pressure 


Rubbing  surface 
Velocity  squared 


Pa  = ESV2 


8 


Pa 
K V2 


V2  = 


Pa 

KS 
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Co-efficient  of  friction  K = 


Pa 

FT2 


This  may  be  always  taken  as  *0217  cubic  foot  per 

minute  (constant) 

KSV2 


Pressure  per  foot  P = 

Volume 
Area  of  section  a = 


a 


= area  velocity 

KSV 2 


To  find  total  pressure 

KSV2 

a x 

a 

The  quantity  of  air  circulating  in  a mine  varies 
as  the  square  root  of  the  pressure  employed  to  circu- 
late it ; the  ventilative  effect,  if  we  may  so  term  it, 
increases  with  the  square  root  of  the  height  of  the 
motive  column. 

The  application  of  these  formulse  will  show  the 
reader  that  quantity  per  minute,  and  not  velocity,  is  the 
essential  qualification  of  safe  and  economical  venti- 
lation ; for  it  has  been  seen  that  the  higher  the 
velocity  the  greater  the  friction,  that  this  increase  is 
not  in  direct  ratio,  but  as  the  square  of  the  velocity ; 
and  therefore  to  obtain  this  result  we  must  split  or 
divide  the  main  air  current.  The  following  general 
observations  on  splitting  the  main  air  current  may 
be  found  useful.  In  the  first  place  it  reduces  the 
velocity  of  the  air  current,  and  therefore  the  friction ; 
but,  on  the  other  hand,  the  increased  quantity  and 
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velocity  of  the  air  in  the  up  and  downcast  shafts 
produces  increased  friction,  and  this,  if  carried  to 
excess,  effectually  limits  the  advantages  which  can 
be  derived  from  splits.  The  splits  can  he  made  in  a 
limited  quantity  only,  or  the  velocity  of  the  air 
current  will  be  too  feeble ; on  the  other  hand,  if  the 
splits  are  too  few,  the  friction,  consequent  on  a high 
velocity,  will  be  too  great.  The  exact  mean  must 
be  determined.  For  air  velocities  the  following  may 
be  taken  as  a reliable  rule,  except  in  very  exceptional 
cases  : 5 feet  per  second  is  the  limit  of  safety  for  the 
velocity  of  any  part  of  the  air  current  of  a mine 
where  non- extinguishing  lamps,  such  as  Davy’s  or 
Clanny’s,  are  used ; 2 feet,  on  the  other  hand,  is  too 
slack  a current  to  blow  away  powder  smoke  and 
sweep  the  sides,  roof,  and  face  free  of  gas  : the  average 
speed  is  3^  feet  per  second.  With  a number  of 
splits  with  an  equal  amount  of  air  allotted  to  each, 
the  shorter  splits  must  be  £ stopped  ’ or  obstructed, 
artificially,  to  make  their  frictional  resistance,  after 
allowing  them  their  proper  share  of  air,  equal  to  that 
of  the  largest  splits,  and  these  stoppings  obviously 
lessen  the  total  quantity  of  air  in  circulation. 

Every  split  should  begin  as  near  the  bottom  of 
the  downcast  shaft  as  possible,  and  should  empty 
into  the  main  return  air-way  as  near  the  upcast  shaft 
as  possible.  In  all  cases  regulators  are  to  be  avoided 
if  possible,  and  this  can  be  nearly  always  secured  by 
making  the  splits  of  an  equal  length. 
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Stoppings  or  barriers  should  be  made  air-tight, 
and  strong  enough  not  to  be  blown  out  in  the  event 
of  an  explosion.  Two  curved  brick  walls,  with  their 
convex  side  outwards,  allowing  5 feet  space,  which 
should  be  filled  with  sand,  make  a good  sound 
stopping ; and,  in  the  event  of  an  underground  fire, 
are  fairly  fireproof.  In  an  air-way  of  a given  section 
it  is  obvious  that  no  more  air,  as  regards  quantity, 
can  pass  through  the  air- way,  in  a given  unit  of  time, 
than  the  air-way  will  hold,  and  that  therefore  the 
velocity  of  the  air  to  a great  extent  governs  its 
quantity,  but  the  greater  the  velocity  the  greater 
will  be  the  friction,  and  here  lies  the  fundamental 
element  of  success  in  all  colliery  ventilation. 

Mr.  Atkinson  showed  that  if  a mine  had  such 
shafts  and  air-ways  that  there  were  five  equal  splits 
of  air,  the  resistance  of  the  shafts  equalled  half 
those  offered  by  the  air- ways  ; then  if  the  air  was  not 
split  at  all  and  the  velocity  was  10,000  cubic  feet  per 
minute,  the  following  was  the  result  obtained  by 
splitting : — 


No.  of  Currents  or 
Splits 

Total  air  velocity  per  minute 

Quantity  in  each  Split 

Cubic  feet 

Cubic  feet 

1 

10,000 

10,000 

2 

27,892 

13,946 

3 

49,449 

16,480 

4 

71,527 

17,882 

5 

90,789 

18,150 

6 

107,800 

17,966 

10 

141,714 

14,171 
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And  the  coal  burnt  in  the  upcast  furnace,  or  in  the 
engine  driving  the  vacuum  fan,  would  increase  in  the 
same  proportion  with  the  quantity  of  air,  and  the 
power  absorbed  would  increase  in  that  ratio  ; other- 
wise, if  the  power  and  coal  consumed  remained  the 
same  for  10  splits  as  for  1,  we  should  have  for  one  air- 
way 10,000  cubic  feet  of  air  per  minute,  and  for  10 
splits  only  58,556.  One  of  the  worst  features  in  the 
careless  laying  out  of  a mine  consists  in  working 
the  pillars  away  too  near  the  shafts  at  first  starting  ; 
no  room  is  left  to  make  splits  at  a future  period, 
without  incurring  some  risk  and  great  expense. 

When  the  stoppings  to  be  erected  are  situated  in 
a road  used  for  travelling,  they  must  be  replaced  by 
air  doors. 

The  position  and  construction  of  these  doors  is  of 
the  very  greatest  importance.  A badly  fitting  or 
warped  door  may  cause  explosion,  and  the  existence 
of  air  sheets  in  place  of  doors  may  allow  the  ex- 
plosion to  spread  and  fire  the  whole  pit.  The  rules 
to  be  observed  are— that  every  door  shall  remain  in 
its  proper  position  by  being  properly  weighted  ; that 
if  to  be  left  open,  the  word  ‘ Open  5 should  be  plainly 
painted  on  both  faces  of  the  door,  or,  if  to  be  left 
shut,  the  contrary.  If  air  sheets  are  used,  they 
must  be  made  of  non-inflammable  brattice  cloth, 
such  as  Scott’s,  and  not  of  tarred  sacking.  When 
naked  lights  are  used,  they  should  not  be  stuck  on 
the  sides  of  the  air  doors  ; the  worst  fire  the  writer 
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ever  saw  in  a colliery  was  due  to  this  practice. 
If  wooden  doors  are  used,  they  must  be  thus  con- 
structed : — They  should  be  made  of  oak  planks,  f in. 
thick,  tongued  to  prevent  leakage  at  the  joints,  and 
felted  over  the  space  between  the  door  and  the 
lintel  and  posts  to  reduce  leakage.  The  posts  should 
be  well  set  back  in  the  side  of  the  way  in  brickwork, 
and  the  doors  should  open  the  way  the  tubs  generally 
travel ; if  there  is  much  traffic  through  the  door,  it 
answers  to  place  a boy  there  to  4 trap  5 the  door,  i.e. 
to  open  and  close  it  after  each  train  of  tubs  has 
passed,  as  the  loss  of  air  will  show  a considerable 
increase  of  expense  in  the  ventilating  charges.  It 
will  be  found  useful  to  keep  a sheet  of  these  charges, 
in  order  to  show  the  cost  of  the  air  current  for  a 
given  quantity  of  coal  raised.  A safety  door  should 
always  be  added  to  the  ordinary  doors  in  important 
places.  This  door  consists  of  a door  lying  on  the 
roof,  and  kept  up  by  a catch ; any  violent  explosion 
blows  away  the  catch,  and,  in  so  doing,  liberates  the 
door,  which  falls  into  the  position  occupied  by  the 
ordinary  air  door  ; the  spread  of  an  explosion  and 
the  deadly  effects  of  after-damp  are  thus  guarded 
against,  and  the  arrangement  cannot  fail  to  recom- 
mend itself  to  colliery  engineers  for  its  simplicity  and 
cheapness.  It  must  be  continually  borne  in  mind 
that  in  descending  the  pit,  the  miner  or  engineer  is 
in  a position  where  his  life  and  those  of  his  fellow- 
men  depend  on  his  individual  care,  and  that  ex- 
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plosions  are  the  certain  consequences  of  any  careless- 
ness that  is  tolerated  to  exist  as  an  unchecked  prac- 
tice ; and  the  careless  way  in  which  air  doors  are  left 
open  in  some  collieries  by  miners  is  the  most  eloquent 
argument  that  they  should  be  weighted,  by  which 
means  a most  fruitful  source  of  danger  and  annoy- 
ance to  the  other  men  in  the  pit  by  the  interruption 
of  the  volume  of  ventilating  current  would  be 
avoided. 

However  carefully  the  resistance  of  splits  may 
be  calculated,  trams,  falls  of  roofs,  and  pit-props 
left  in  the  roads  will  upset  the  results  then  arrived 
at,  so  that  we  only  give  the  mathematical  means  by 
which  the  results  may  be  estimated,  so  as  to  form,  an 
opinion  of  what  is  likely  to  be  the  actual  result  of 
splitting  in  a particular  way. 

We  think  the  tendency  of  modern  mining  works 
on  ventilation  is  rather  too  much  in  a mathematical 
direction. 

Air  Splits. 

In  mining  ventilation  these  are  divided  into  two 
classes,  equal  and  unequal  splits.  Equal  splits  are 
thus  formed.  An  air-way  of  a given  length  is 
divided  into  two  air-ways,  which  will  be  of  the  same 
area  as  the  original  air- way.  We  will  take  as  an 
example  an  air-way  with  40  feet  area ; it  is  of  such  a 
length  that  the  rubbing  surface  is  200,000  sq.  feet. 
If  we  split  this  air-way  equally  we  shall  get  an  area 
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of  40  feet  in  eacli  and  only  100,000  sq.  feet  of  rubbing 
surface ; if  we  split  it  into  five  equal  splits  we  shall 
get  five  times  the  area,  40,000  sq.  feet,  of  rubbing 
surface.  From  these  considerations  we  deduce  the 
rule  that  the  rubbing  surface  will  remain  unaltered 
in  area  when  equal  splits  are  made,  although  the 
area  of  those  splits  will  be  increased. 

But  it  will  be  seen  that,  inasmuch  as  no  more 
air  can  pass  through  an  air-way  in  a given  unit  of 
time  than  the  area  of  the  air-way  will  permit,  so 
also  will  the  area,  or  diameter,  of  the  shafts  influence 
the  effect  of  splitting  by  the  resistance  due  to  friction 
against  their  sides,  caused  by  the  increased  quantity 
of  air  passing  down  them.  Let  us  take  the  follow- 
ing example. 

Perhaps  the  best  illustration  of  splitting  is  Mr. 
Wardle’s. 

An  air-way  discharges  30,000  cubic  feet  per 
minute,  it  is  required  to  find  the  total  discharge  on 
adding  a similar  air-way. 

Secondly,  the- power  being  constant,  each  air-way 
being  5 ft.  x 10  ft.  x 1000  ft.  long,  required  the 
total  discharge. 

The  first  problem  is  thus  treated  : 

The  dimensions  of  the  air-way  are  10  ft.  wide  x 
5 ft.  high. 

The  area  will  be  the  width  x height  = 50  sq.  ft. 

The  perimeter  will  be  twice  the  width 
added  to  twice  the  height  . . = 30  ft. 

E 
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The  length  of  airway  was  shown  . = 1,000  ft. 
The  rubbing  surface  will  be  the  length 

x the  perimeter,  1,000  x 30  . . = 30,000  ft. 


Coefficient  of  friction  (constant)  *0217  cubic  ft. 
per  min. 


Yelocitv 


volume 

area 


30,000 

50 


600  ft.  per  min. 


Total  pressure  = coefficient  of  friction  x rub- 
bing surface  x velocity  squared. 

Total  pressure  = *0217  x 30000  x 62  = 234*36. 
Pressure  per  square  foot  is  the  total  pressure 
divided  by  the  area 


or 


234*36 

50 


4*6872  lbs.  per  square  foot. 


Note. — When  the  volume  is  unknown  the  velocity 
is  thus  calculated. 


Velocity  squared  = 


Pa 

KS 


in  this  case  = 


234*36 


*0217  x 30000 


= *36 


V -36  = -6 


So  far  we  have  found  the  total  pressure  to  be 
234*36  lbs.  per  square  foot. 

We  now  require  to  find  the  volume  (total)  after 
adding  the  additional  air-way  as  set  forth  in  the 
second  part  of  the  problem. 
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The  first  air- way  was  given  to  be  10  feet  x 5 feet 
= 50  feet  area  in  section. 

50  x 2 = sectional  area  of  the  two  air- ways  = 
100  square  feet. 

The  velocity  must  first  be  found. 

By  the  previous  formula 


V2 

V2 

V2 

then  V2 


Total  pressure 


Coefficient  of  friction  x rubbing'  surface 


234*36 


*0217  x 
234*36 

w 

•18 


60000 


V = a/-18 

= *42426  in  thousands  of  feet  per  minute, 
or  424*26  cubic  feet  per  minute. 


The  volume  will  now  be  found  by  multiplying 
the  area  into  the  velocity,  thus, 


100  x 424*26 

= 42426  cubic  feet  total  discharge. 


The  pressure  required  to  pass  a volume  of  air 
through  a large  passage  as  compared  with  a small  is 
in  inverse  proportion  to  the  square  of  their  areas. 

The  velocity  per  minute  is  the  square  of  the  area 
of  the  air- way  divided  by  the  volume  in  cubic  feet  per 
minute. 

To  find  the  dimensions  of  an  air- way  capable  of 
passing  a known  quantity  of  air  per  minute  at  a 
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known  velocity,  the  volume,  divided  by  the  velocity 
in  feet  per  minute,  must  first  be  arrived  at.  The 
square  root  of  this  result  multiplied  by  four  will  give 
the  perimeter  of  the  air-way  required. 

To  find  the  horse-power  absorbed  or  expended  to 
pass  a known  quantity  of  air  at  a known  velocity 
through  an  air-way  of  known  size  and  length.  The 
perimeter  multiplied  by  the  length  will  give  the 
rubbing  surface ; the  velocity  in  feet  per  minute 
should  be  divided  by  1000  to  reduce  it  to  thousands 
of  feet  per  minute ; this  result  should  be  squared,  and 
then  multiplied  by  the  coefficient  of  friction.  This 
result  should  be  multiplied  into  the  rubbing  surface 
in  square  feet  and  by  the  constant  *080728  lb. 

This  last  result  should  be  multiplied  into  the 
volume  in  cubic  feet  per  minute.  This  yields  the 
number  of  foot  pounds  absorbed  in  producing  the 
work.  Now  33,000  foot  lbs.  represent  1 English 
horse-power ; therefore,  if  we  divide  the  last  result 
obtained  by  33,000,  we  shall  have  the  horse-power 
(or  by  32,549  for  French  horse-power). 

If  a known  quantity  of  air  passing  a known  de- 
pression or  watergauge  reading  is  obtained,  and  it 
is  required  to  know  what  quantity  is  passing  when  a 
different  watergauge  reading  is  registered,  the 
following  rule  must  be  proceeded  on. 

The  quantity  of  air  passing  will  be  the  square 
root  of  the  different  watergauge  reading  obtained, 
multiplied  into  the  known  quantity  of  air  previously 
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passing,  divided  by  the  square  root  of  the  watergauge 
reading  obtained  with  that  known  quantity  of  air, 
or, 

A = Watergauge  reading  with  B quantity  of  air. 

B = Known  quantity  of  air  in  cubic  feet  per 
minute,  passing  to  give  A watergauge 
reading. 

Q = Quantity  of  air  passing  (to  be  found)  with 
W watergauge  reading. 

W — Watergauge  reading  when  quantity  of  air 
passing  per  minute  is  required  to  be  found. 

n _ VW  x B 

1 ~ VA 

Inversely  this  proposition  stands  thus.  To  find 
the  height  of  the  watergauge  when  both  quantities 
of  air  are  known  and  only  one  watergauge  reading. 
Thus,  suppose 

A = -72 

B = 25000  cubic  feet  per  minute. 

Q = 75000 

W is  required  to  be  found. 

Then  the  square  of  the  quantity  is  directly  pro- 
portional to  the  reading  of  the  watergauge.  Thus 
the  square  of  the  watergauge  reading  will  equal  the 
quantity  passing. 

Or  as  25,000  is  one-third  of  the  amount  75,000 
thre.e  times  the  original  watergauge  reading  squared. 

I 

= watergauge  reading  required.  Thus 

3 2 = 9 
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9 x *72  = G*48  inches  of  watergauge 
W — 6 ’48  inches. 


To  double  the  quantity  of  air  the  pressure  must  be 
increased  as  the  square  of  the  quantity ; thus  if  a 
pressure  of  3 lbs.  yields  10,000  cubic  feet  per  minute, 
and  we  require  20,000  cubic  feet, 

32  = pressure  required,  or  9 lbs.  pressure  per  square 
foot. 

The  above  examples  and  remarks  are  intended  to 
simplify,  if  possible,  the  theory  of  air  splits.  It  will 
be  found,  however,  that  in  practice  the  result  will 
never  equal  the  expectation  of  the  engineer  derived 
from  his  theoretical  calculations.  This  is  owing  to 
friction  in  the  shafts,  irregular  air-ways  in  perimeter, 
trams  standing  on  the  roads,  &c.  For  reference  to 
Belgian  Mining  Works  the  following  table  is  in- 
serted  : — 


5? 


1 kilogrammetre  = 7*23314  foot  pounds. 

1 foot  pound  = T8825  kilogrammetre 

1 force  de  cheval  = 4500  kilogrammetres  per  mi- 
nute 

„ = 32549  foot  pounds 

„ = -98757  English  horse-power 

1 English  h.p.  = 1*0319  French  ditto. 

1 lb.  per  square  in.  = *0703  kilogrammes  per  square 

centimetre 

1 kilogramme  per  square  centimetre  = 14*22  lbs.  per 

square  in. 
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For  table  to  compare  lbs.  per  square  incli,  and 
kilos,  per  square  centimetre,  refer  to  Moleswortk’s 
‘ Pocket-book  of  Engineering  Formulae,5  p.  405. 


CHAPTER  YI. 

INSTRUMENTS  USED  IN  VENTILATION. 

These  are  the  watergauge,  barometer,  thermometer, 
and  anemometer. 

Mr.  Daniel  considers  that  the  watergauge  is  a 
sufficient  indication  of  the  resistance  encountered  by 
the  air  current  in  the  air-ways  of  a mine,  since  the 
height  of  the  gauge  increases  as  the  length  of  the 
ways  are  inversely  as  their  sectional  area. 

Every  important  air-way  in  a mine  must  have  its 
watergauge,  and  we  strongly  recommend  that  those 
men  who  have  to  read  the  gauge  should  be  examined 
from  time  to  time  on  the  subject. 

Principle  of  the  Watergauge. 

The  watergauge  is  an  instrument  to  indicate  to  the 
eye  the  force  of  the  air  current.  By  its  use  the  loss 
occasioned  by  resistance  due  to  friction  of  the  air  in 
motion  through  the  air-ways  can  be  calculated. 

The  instrument  consists  of  a U-shaped  tube  of 
glass,  and  in  the  bend  lies  a small  quantity  of  water. 
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The  top  of  one  leg  of  the  tube  is  left  open,  that  of 
the  other  terminates  in  a pipe  communicating  rvith 
the  upcast  shaft  by  being  simply  turned  into  the 
dumb-drift.  Thus  the  instrument  becomes  a model 
of  the  mine,  the  right  leg  of  the  instrument  being 
open  to  the  ordinary  atmospheric  pressure  represent- 
ing the  downcast  shaft,  the  leg  communicating  with 
the  dumb-drift  the  upcast  shaft.  The  vacuum  pro- 
duced by  the  rapid  rotation  of  the  fan  sucks  the  air 
out  of  the  drift,  and  consequently  out  of  one  leg  of 
the  watergauge ; the  column  of  water  in  the  right 
leg  of  the  instrument  is  heavier  than  that  of  the 
column  in  the  left  leg.  Consequently  the  former 
presses  down  the  latter  until  they  balance  each  other ; 
this  is  arrived  at  when  the  amount  of  water  that  the 
difference  of  level  in  the  two  columns  consists  of  is 
equal  in  weight  to  the  amount  of  exhaust,  and  con- 
sequently weight  of  air  in  the  upcast  shaft.  The 
gauge  is  then  read  by  screwing  down  the  vernier  till 
the  line  marked  o is  level  with  the  top  of  the  column 
of  water  in  the  right-hand  or  open  leg  of  the  gauge ; 
the  figure  or  reading  level  with  the  top  of  the  column 
of  water  in  the  left  leg  is  the  c watergauge  reading,’ 
or  head  of  water. 

The  greater  the  friction  in  the  air-ways,  the 
higher  will  be  the  watergauge  reading ; thus  a fall 
of  roof  is  usually  followed  by  an  increase  of  water- 
gauge. 

The  important  formulae  and  consequent  informa- 
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tion  that  can  be  gained  from  tbe  Avatergauge  are  as 
follows  : — 

To  find  length  of  motive  column  in  feet. 

Pressure  in  lbs.  per  square  foot 


•0763122 


= length  of  motive 


column  in  feet. 

To  convert  exhaust  reading  by  aneroid  or  barometer 
to  inches  of  watergauge. 


1 inch  of  water 
1 „ mercury 


= -036125  lb.  per  square 
inch 

= -4897  lb.  per  square 
inch  at  62°  Pahr. 


Then  1 inch  of  mercury 


Or  1 
Or 


i o 


55 

55 


55 

55 


*4897  • f.  , 

— — inch  oi  water 

•03612 

13*56  inches  of  water 
1-356 


So  that  to  convert  inches  of  mercury  to  inches  of 
Avater — 


Let  M = inches  of  mercury  in  tenths  of  an  inch. 
Let  W = inches  of  water  ,,  ,, 

W — M x P356. 


On  experiment  I tried  to  compare  the  accuracy  of 
readings  by  my  patent  aneroid  apparatus,  and  the 
Avatergauge  showed  the  following,  when  the  readings 
were  reduced  to  pressures  in  ounces  per  square  inch. 


Watergauge  reading  = 


2-2  inches  =1 


167 

615 


ounces 


per  square  inch. 
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= 1*3  incli  = 1 


1261 


625000 
oz.  per  sq.  in. 


Difference  of  atmospheric] 
reading'  of  barometer  and 
that  of  patent  apparatus,  i.e. 
exhaust  reading. 

The  difference  of  the  watergauge  reading  due  to 
friction  and  the  whole  watergauge  reading  gives  the 
pressure  that  creates  the  final  or  theoretical  velocity 
of  the  air  in  the  upcast  shaft;  this  averages  ‘20 
inch. 

To  arrive  at  this 

t = temperature  of  air  in  upcast. 

V = velocity  in  feet  per  second. 

M = motive  column  of  air  in  feet. 

W = watergauge  reading  reduced  to  decimals  of 
an  inch. 


V = 
M = 

W = 


8-025  VM 

F2 

64-4 

1-32529  x 30 
“459  + t 
5-196 


xM 


Thus  W represents  inches  of  watergauge  in 
decimals  absolutely  used  to  create  the  final  velocity 
in  the  upcast  shaft ; this,  subtracted  from  the  whole 
watergauge  reading,  gives  as  the  remainder  the 
watergauge  reading,  and  consequently  the  pressure 
used  in  overcoming  the  friction  due  to  the  sides  of 
the  air- ways. 

Thus  with  a fall  of  roof  the  final  velocity  in  the 
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upcast  shaft  may  remain  very  nearly  the  same  as 
before  it  occurred,  but  the  watergauge  may  increase 
half  an  inch  in  height,  or  more.  If  there  were  no 
friction  in  a mine,  and  the  area  of  the  air-ways  were 
equal  to  the  area  of  the  shafts,  there  would  be  no 
watergauge  reading  at  all,  assuming  it  possible  that 
such  a theoretical  equilibrium  between  the  air 
columns  in  the  shafts  could  be  secured.  From  this, 
therefore,  we  lay  down  the  rule  that  the  manager 
{vide  cCoal  Mines  Regulation  Act,’  1872)  should  take 
the  final  velocity  in  the  upcast  shaft  with  an  anemo- 
meter, note  the  watergauge,  and  calculate  out  by  the 
above  formula  what  pressure  is  absorbed  by  friction 
in  the  air-ways,  and  what  is  left  over  to  produce  the 
theoretical  final  velocity  in  the  upcast  shaft. 

The  following  formula  will  be  required  to  com- 
pare the  height  of  watergauge  reading  and  that  of  a 
motive  column  of  air  in  feet,  and  to  arrive  at  the 
velocity  in  feet  per  second  due  to  this  column. 

W = watergauge  reading  in  inches. 

P = pressure  in  pounds  per  square  foot. 

M = motive  column  of  air  in  feet. 

V = velocity  in  feet  per  second  of  air  caused  by  M. 


W = 
P = 
M = 


P 

5-196 

Wx  62-355 
12 
P 

•0763122 


V = 9-025  y/M 
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It  is  impossible  to  insist  too  strongly  on  this  point 
of  separating  the  watergange  reading  due  to  resist- 
ance from  friction  and  that  due  to  the  final  theoreti- 
cal velocity  from  the  total  watergauge  reading. 

The  following  represents  the  form  of  watergauge 
book  for  fan-engine-room,  that  should  be  kept  for  the 
manager. 


Barometer 

Engine  stroke 
per  minute 

Watergauge  in 
inches 

Air  velocity  in 
upcast  shaft  by 
anemometer 

Temperature  of 
air  in  upcast 
shaft 

1.  . . . 

2.  . . . 

3.  . . . 

4.  . . . 

From to signed fan-engine-driver  on  duty re- 
lieved at 


This  should  have  four  entries  in  the  engine-driver’s 
8 hours  shift,  and  should  be  sent  to  the  manager’s 
office.  There  will  be  three  books  for  24  hours  on  an 
8 hours  shift.  This  gives  ample  time  to  calculate  the 
two  results  above  insisted  on  that  should  be  entered 
in  a book  there. 


Date 

Barometer 

Total  water- 
gauge 

Proportion  due 
to  friction 

Proportion  due 
to  velocity  (final) 

BAROMETER  AS  VACUUM  GAUGE 
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Barometric  Pressure  Table. 


Gauge  and  Baro- 
meter in  indies 

Pressure  per  sq.  in. 

An  exhaust  of 

26-00 

lbs. 

13 

lbs. 

2 

26-1 

13-05 

119 

20 

26-2 

13T 

1-2- 

110 

26-3 

13-15 

iM 

26-4 

13-2 

if 

26-5 

13-25 

if 

26-6 

13-3 

1 JL 
x 10 

26-7 

13-35 

J§§ 

26-8 

13-4 

if 

26-9 

13-45 

iff 

27-00 

13-5 

H 

27-1 

13-55 

1 is 

27-2 

13-6 

if 

27-3 

13-65 

1JL 

-*-20 

27-4 

13-7 

ll30 

27-5 

13-75 

H 

27-6 

13-8 

if 

27-7 

13-85 

iff 

4 

27-8  , 

13-9 

27-9 

13-95 

1JL 

20 

28-00 

14 

1 

oz. 

28-1 

14-05 

19 

20 

= 151 

28-2 

14-1 

9 

10 

= 14f 

28-3 

14-15 

17 

20 

= 131 

28-4 

14-2 

4 

5 

= 12f 

28-5 

14-25 

3 
4 - 

= 12 

28-6 

14-3 

7 

10 

= 111 

28-7 

14-35 

13 

20 

= 101 

28-8 

14-4 

3 

5 

= 9§ 

28-9 

14-45 

11 

= 8| 

29-00 

14-5 

1 

= 8 

29-1 

14-55 

9 

20 

= n. 

29-2 

14-6 

2 

= 6| 

29-3 

14-65 

7 

20 

= 6f 

29-4 

14-7 

_3_ 

= 41 

29  5 

14-75 

1 

= 4 

29-6 

14-8 

1 

= 31 

29-7 

14-85 

3 

5! 

= 2| 

29-8 

14-9 

= If 

29-9 

14-95 

_1_ 

_ 4 

30-00 

15 

20 

0 1 

5 

= 0 

1 This  is  on  the  supposition  that  ordinary  atmospheric  pressure 
is  = 30  inches  of  mercury,  or  15  lbs.  per  square  inch. 

1 inch  of  mercury  = 13-56  inches  of  watergauge. 

1-356  x no.  of.  tenths  ‘ exhaust  ’ = watergauge  reading. 
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Pressure  of  Air,  as  shown  by  the  Watergauge. 


Height  in  inches 

Pressure  in  lb.  to 
the  sq.  ft. 

001 

0 05 

0-02 

010 

003 

0-15 

0-04 

020 

0-05 

0-26 

0-06 

031 

0-07 

0-36 

008 

0-41 

0-09 

0-46 

o-io 

0-52 

0-11 

0-57 

0-12 

0-62 

0-13 

0-67 

0-14 

0-72 

0-15 

0-78 

0-16 

0-83 

0-17 

0-88 

0-18 

0-93 

019 

0-98 

0-20 

1-04 

0-21 

1-09 

0-22 

1-14 

0-23 

1-19 

0-24 

1-24 

0-25 

1-30 

0-26 

1-35 

0-27 

1-40 

0-28 

1-45 

0-29 

1-50 

0-30 

1-56 

0-31 

1-61 

0-32 

1-66 

033 

1-71 

034 

1-76 

0-35 

1-82 

036 

1-87 

0-37 

1-92 

0-38 

1-97 

0-39 

2-02 

0-40 

2-08 

0-41 

2-13 

0-42 

2-18 

0-43 

2-23 

0-44 

2-28 

0'45 

2-34 

Height  in  inches 

Pressure  in  lb.  to  the 
sq.  ft. 

0'46 

2-39 

0-47 

2-44 

0-48 

2-49 

0-49 

2-54 

0-50 

2-60 

051 

2-65 

0-52 

2-70 

0-53 

2-75 

0-54 

2-80 

0-55 

2-86 

0-56 

2-91 

0-57 

2-96 

0-58 

301 

0-59 

3-06 

0'60 

3-12 

0-61 

3T7 

0-62 

3-22 

0-63 

3-27 

0-64 

3-32 

0-65 

3-38 

0-66 

3-43 

0-67 

3-48 

0-68 

3-53 

0-69 

3-58 

0-70 

3-64 

0-71 

3-69 

0-72 

3-74 

0-73 

3-79 

0-74 

3-84 

0-75 

3-90 

0-76 

395 

0-77 

4-00 

0-78 

405 

0-79 

4-10 

0-80 

4-16 

0-81 

4 21 

0-82 

4-26 

0-83 

4-31 

0-84 

4-36 

0-85 

4-42 

0-86 

4-47 

0-87 

4-52 

0-88 

4-57 

0-89 

4 62 

0-90 

4-68 

THE  ANEMOMETER. 
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Thus  the  Government  inspector,  on  paying  a 
sudden  visit  to  the  colliery,  can  see  at  a glance  how 
things  are  going  on.  On  pages  61  and  62  we  give 
some  tables  of  atmospheric  pressures  and  watergauge 
pressures  reduced  to  lbs.  per  sq.  inch.  In  the  case 
of  the  barometer  tables,  the  supposition  is  that  15  lbs. 
per  sq.  inch  = 30  inches  of  mercury,  and  that  this 
barometer  reading  represents  the  normal  daily  atmo- 
spheric pressure.  The  patent  barometers  constructed 
by  Messrs.  Apps,  of  London,  for  me  are  made  to  work 
in  accordance  with  this  table.  Friction  in  these 
instruments  and  the  error  due  to  it  need  not  be 
taken  into  account. 

Anemometer. 

This  instrument  is  used  to  measure  the  velocity 
of  the  air  current  in  feet  per  second  or  miles  per 
hour. 

The  forms  of  anemometer  suitable  for  a mine  are 
Biram’s  and  Bagot’s. 

Biram’s  instrument  records  its  results  on  a dial 
on  the  instrument  like  the  hands  of  a watch.  It  is 
a very  useful  instrument  for  the  firemen  and  overmen 
to  carry.  Bagot’s  automatic  apparatus  is  for  per- 
manent use.  The  cups  are  placed  at  the  extreme 
end  of  the  mine,  and  the  results  in  feet  per  second 
are  printed  on  a strip  of  paper  by  the  recorder  in  the 
fan-engine-room.  Electricity  is  used  to  convey  the 
varying  speeds  from  the  cups  to  the  recording  appa- 
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ratus.  Thus  the  manager  can  tell  at  any  time  or 
any  clay  the  speed  of  the  air  in  the  main  return 
air-way,  and  instant  telegraphic  notice  is  given  to  the 
fan-engine-driver  if  the  air  current  becomes  inter- 
rupted, whilst  he  can  at  all  times  read  the  velocity 
of  the  air  in  the  mine.  The  advantages  of  this 
automatic  system  are  obvious.  It  is  the  only  method 
of  ascertaining  constantly  the  true  velocity  of  the  air 
in  the  mine  in  such  a way  that  the  record  is  con- 
tinuous, instantaneous,  and  cannot  be  tampered  with. 
In  the  cups  used  for  this  apparatus  the  centre  of  each 
hemispherical  cup  moves  with  one-third  the  velocity 
of  the  air  current ; therefore,  with  four  cups  the  speed 
of  the  vertical  shaft  of  the  measuring  apparatus  will 
represent  the  true  velocity  of  the  air. 

The  following  are  the  rules  which  govern  the 
action  of  a volume  of  air  acting  on  a plane  surface. 

Let  P = pressure  of  wind  in  lbs.  per  sq.  foot. 

Let  V = velocity  in  miles  per  hour. 


V = a/2.00  P 

When  the  plane  surface  is  inclined  at  an  angle  e 
to  the  direction  of  the  wind,  then  let  the  horizontal 
vressure  be  represented  by  Pli. 

Then  Ph  = P sin  L842  cos  e. 

Let  the  vertical  pressure , i.e.  the  pressure  at  90° 
to  the  wind,  be  represented  by  PV. 

Then  PV  — P cotan  e sin  e L842  cos  e. 
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Pressures  and  Velocities. 


Miles  per  hour 

lbs.  per  square  foot 

Miles  per  hour 

lbs.  per  square  foot 

Miles  per  hour 

lbs.  per  square  foot 

1 

•005 

35 

6-125 

69 

23-805 

2 

■020 

36 

6-480 

70 

24-500 

3 

•045 

37 

6-845 

71 

25-205 

4 

•080 

38 

7-220 

72 

25-920 

5 

•125 

39 

7-605 

73 

26-645 

6 

•160 

40 

8-000 

74 

27-380 

7 

•245 

41 

8-405 

75 

28-125 

8 

•320 

42 

8-820 

76 

28-880 

9 

•405 

43 

9-245 

77 

29-645 

10 

•500 

44 

9-680 

78 

30-420 

11 

*605 

45 

10-125 

79 

31-205 

12 

■720 

46 

10-580 

80 

32-000 

13 

•845 

47 

11-045 

81 

32-805 

14 

•980 

48 

11-520 

82 

33-620 

15 

1T25 

49 

12-005 

83 

34-450 

16 

1-280 

50 

12-500 

84 

35-280 

17 

1-445 

51 

13-005 

85 

36-125 

18 

1-620 

52 

13-520 

86 

36-980 

19 

1-805 

53 

14-045 

87 

37-845 

20 

2-000 

54 

14-580 

88 

38-720 

21 

2-205 

55 

15-125 

89 

39-605 

22 

2-420 

56 

15-680 

90 

40-500 

23 

2-645 

57 

16-245 

91 

41-405 

24 

2-880 

58 

16-820 

92 

42-320 

25 

3T25 

69 

17-405 

93 

43-245 

26 

3-380 

60 

18-000 

94 

44-180 

27 

3-645 

61 

18-605 

95 

45-125 

28 

3-920 

62 

19-220 

96 

46-080 

29 

4-205 

63 

19-845 

97 

47-045 

30 

4-500 

64 

20-480 

98 

48-020 

31 

4-805 

65 

21-125 

*99 

49-005 

32 

5-140 

66 

21-780 

100 

50-000 

33 

5-445 

67 

22-450 

34 

5-780 

68 

23120 

Let  the  normal  pressure  = Pr,  that  is  to  say,  Pr 


F 
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represents  the  pressure  at  90°  to  the  surface  opposed 
to  the  wind. 


sin  e 


A pressure  of  1 lb.  per  sq.  foot  = 4,881  grammes 
per  sq.  metre,  so  that  to  reduce  lbs.  per  sq.  foot  to 
grammes  per  sq.  metre,  multiply  by  4,881.  A table  of 
pressure  and  velocities  is  given  on  the  preceding  page. 

The  Barometer. 

The  Coal  Mines  Regulation  Act  requires  this 
instrument  to  be  kept  at  the  top  of  every  pit  where 
dangerous  gas  has  been  found.  We  advise  an  aneroid 
barometer  to  be  added  underground,  since  miners 
can  read  this  form  of  the  instrument  more  easily, 
and  the  firing  of  shots  will  not  interfere  with  the 
internal  mechanism  of  the  barometer.  If  a mercurial 
one  is  used,  when  purchasing  it,  it  is  best  to  obtain 
its  correction  for  capillarity  from  the  maker.  The 
difference  of  level  being  frequently  got  by  means  of 
an  aneroid,  owing  to  the  difference  of  readings  at  the 
two  points  of  observation,  it  may  not  be  out  of  place 
here  to  give  the  formula  for  arriving  at  the  required 
result.  The  table  to  find  the  value  of  K may  be 
found  in  Molesworth’s  ‘ Pocket-book  of  Engineering 
Formulae,’  page  13.  The  values  given  there  are  to  be 
added. 

Let  R = reading  in  inches  on  barometer  at  lower 
station. 
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r = reading  at  upper  station. 

T = temperature  of  lower  station. 
t = ditto  of  upper  ditto. 

K = correction  necessary  due  to  T + t. 

(For  this  value,  see  table  referred  to.) 

H = difference  of  level  in  feet  between  the  two 
stations. 


Temperature 

Correction 

Temperature 

Correction 

o 

o 

32 

000 

62 

0-08 

33 

001 

63 

009 

34 

o-oi 

64 

0-09 

35 

002 

65 

0-09 

36 

002 

66 

0-09 

37 

002 

67 

o-io 

38 

002 

68 

0-10 

39 

0-03 

69 

0T0 

40 

0-03 

70 

0T0 

41 

003 

71 

0-11 

42 

0-03 

72 

on 

43 

004 

73 

Oil 

44 

004 

74 

on 

45 

004 

75 

0-12 

46 

004 

76 

0T2 

47 

005 

77 

0-12 

48 

0-05 

78 

0T2 

49 

0-05 

79 

01.3. 

50 

0-05 

80 

0T3 

51 

006 

81 

0T3 

52 

0-06 

82 

0T3 

53 

0-06 

83 

014 

54 

0-06 

84 

014 

55 

0-07 

85 

0T4 

66 

0-07 

86 

0-14 

57 

007 

87 

0-15 

58 

0-07 

88 

0T5 

59 

0-08 

89 

0-15 

60 

0-08 

90 

0-15 

61 

0-08 

Then  H = 60,000  (log  11 — log  r)  K. 
This  is  approximate — 
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To  correct  the  reading  of  the  barometer  for 
temperature  use  the  table  on  preceding  page. 

In  a mine  the  value  of  K may  be  left  out. 

The  barometer  must  always  be  closely  watched, 
and  any  difference  between  the  readings  at  the 
bottom  of  the  upcast,  where  a barometer  should  be 
stationed,  and  the  reading  at  the  foot  of  the  down- 
cast, above  that  naturally  due  to  difference  of  level 
between  the  two  shafts,  should  be  the  signal  for  a 
searching  examination  for  falls  of  roof  or  misplaced 
air-doors  being  made  without  unnecessary  delay. 

Thermometer. 

It  has  been  already  shown  that  the  head  of  air, 
or  motive  force  of  the  ventilating  column,  is  due  to 
its  temperature  when  a furnace  is  in  use.  So  many 
measurements  are  given  in  Trench  or  Belgian  works 
on  mining  that  I have  introduced  formulse  for  inter- 
changing the  temperature  readings  in  the  different 
scales,  to  assist  the  reader. 

Let  F = No.  of  degrees  Fahrenheit’s  scale. 


G = No.  of 

55 

Centigrade  ,, 

B = No.  of 

55 

Reaumur’s  ,, 

Q« 

T 

+ 

32 

F — 9 R 

4 

+ 

82 

= C + R + 32 
c=  5(F — 32) 
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B=  4 (F — 3-2) 

9 

Freezing  point  = 32°  F. 

„ ,,  = 0°  Centigrade  and  Reaumur. 

Boiling  point  = 212°  F. 

„ „ = 100°  Cent. 

„ „ = 80°  Reaumur. 

In  pits  containing  brassy  coal,  great  care  must 
be  taken  to  keep  the  temperature  of  the  air- ways  as 
low  as  possible  to  avoid  spontaneous  combustion. 
Again,  it  will  be  seen  that  a sudden  rise  of  tempera- 
ture will  cause  the  coal  to  give  off  a certain  volume 
of  gas  due  to  its  expansion.  Gases  expand  nearly 
uniformly  with  an  increase  of  their  temperature,  and 
when  the  volume  of  permanent  gases  remains  con- 
stant, the  pressure  increases  nearly  uniformly  with 
the  increase  of  the  temperature.  For  instance, 
according  to  Regnault,  let  us  suppose  a volume  of 
air  to  be  represented  by  1 at  a temperature  of  32°  F., 
the  volume  is  increased  to  F36706  at  212  F. ; that  of 
hydrogen  to  1‘36613,  and  that  of  carbonic  acid  to 
1 - 3 7099.  The  laws  that  govern  this  important  feature 
of  gases,  viz.,  their  expansion  under  an  increase  of 
temperature,  may  be  deduced  from  the  following. 

Absolute  Temperature. 

It  has  been  assumed  that  since  air  expands  as  its 
temperature  increases,  so  would  it  on  the  other  hand 
diminish  its  volume  if  the  temperature  fell ; thus  if 
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at  32°  F.  air  lias  a volume  of  1,  it  is  assumed  that  on 
arriving  at  a temperature  of  493°*2  below  freezing 
point,  461°*2  F.  below  zero,  the  air  would  be  so  at- 
tenuated as  to  be  in  a state  of  collapse,  and  would 
possess  no  elasticity.  This  point  is  called  absolute 
zero,  and  the  temperature  of  any  body  measured 
from  absolute  zero  is  called  the  absolute  temperature 
of  that  body. 

Thus  if  a given  quantity  of  air  at  0°  F.  be  raised 
to  + 4610  F.,  it  is  (if  under  a constant  pressure) 
expanded  to  twice  its  original  volume  ; if  heated 
to  922°  F.  its  volume  will  be  trebled. 

Therefore  the  laws  to  be  borne  in  mind  are — 

i.  The  pressure  of  air  or  any  gas  varies  inversely 
as  the  volume  when  the  temperature  is  constant. 

ii.  The  pressure  varies  directly  as  the  absolute 
temperature  when  the  volume  is  constant. 

iii.  The  volume  varies  as  the  absolute  tempera- 
ture when  the  volume  is  constant. 

iv.  The  product  of  the  pressure  and  volume  is 
proportional  to  the  absolute  temperature. 

The  absolute  zeros  of  the  three  thermometer  scales 
are — 

Fahrenheit  . . . . 461°' 2 

Reaumur  .....  219°’2 

Centigrade  ....  274°*00 

But,  to  avoid  excessive  labour  in  calculation,  it  will 
suffice  to  drop  the  decimal  reading.  Gas  com- 
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pounded  of  carbon  and  hydrogen  occasionally  throws 
out  oily  products,  which  will  interfere  with  the 
action  of  these  laws. 

It  will  be  seen,  therefore,  that  violent  changes  of 
temperature  in  ventilation  are  to  be  avoided  in 
working  fiery  and  brassy  mines,  or  gas  will  be 
liberated  that  otherwise  would  have  remained  in  the 
seam. 


The  specific  gravity  of 

the 

gases 

found  in  coal- 

mines  is  as  follows  : — 

Weiglit  of  1 cubic  foot. 

Air  is  represented  as 

= 

1-00 

Hydrogen  „ 

— 

0-069 

•0056 

Carburetted  Hydrogen 

= 

0-550 

Steam 

= 

0-620 

Nitrogen 

= 

0-976 

•078 

Olefiant  or  marsh  gas 

— 

0-980 

•079 

Aii- 

1-00 

•08072 

Oxygen 

i 

1-100 

•089 

Sulphuretted  Hydrogen 

= 

1-190 

Carbonic  acid  (choke-damp) 

= 

1-520 

•123 

Sulphurous  acid 

2-120 

The  weight  per  cubic  foot  is  given  here  in  decimals 
of  1 lb.  avoirdupois. 
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CHAPTER  VII. 

GENERAL  OBSERVATIONS  WITH  REGARD  TO  VENTILA- 
TION IN  PRACTICE. 

V entilation  in  tlieor y will  be  found  a comparatively 
easy  matter ; in  practice,  however,  falls  of  roof  and 
the  carelessness  of  the  miners  will  be  found  a source 
of  endless  annoyance  and  anxiety.  A miner  is  bound 
by  law  (Sec.  55  Coal  Mines  Regulation  Act)  to 
report  instantly  to  the  fireman  should  he  discover  any- 
thing wrong  with  the  ventilating  current,  or  the 
state  of  the  roof  or  mine  generally,  such  as  leads  him 
to  suspect  danger  to  himself  or  his  fellow- workmen. 
This  is  not  always  done,  as  the  Act  requires,  instantly, 
and  the  duty  of  every  manager  is  plain  where  this  is 
the  case ; the  Act  having  been  broken,  the  miner 
should  be  punished  under  the  Act.  Such  very  strong 
assertions  are  made  concerning  the  management  of 
collieries  by  men,  whose  very  assertions  show  their 
ignorance  of  the  subject,  and  since  such  assertions, 
being  those  of  uneducated  men,  are  always  directed 
more  or  less  against  the  capitalist  or  employer  of 
labour  because  he  is  an  employer  of  labour,  that  we 
strongly  recommend  managers  to  adopt  two  practices, 
viz.,  to  summon  all  offenders  before  the  magistrates, 
and  to  register  the  conviction  in  a book  kept  for  the 
purpose ; for  it  will  be  seen  at  a glance  that  in  the 
present  day  none  but  very  experienced  viewers  are 
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acting  wisely  if  they  take  upon  themselves  the  office 
of  weighing  the  culpability  of  the  offender.  A refer- 
ence to  the  various  Mining  Acts  will  show  that  wilfully 
damaging  ventilating  machinery  is  expressly  pro- 
vided for.  It  is  not  the  wilful  damage,  but  the 
damage  and  danger  incurred  by  carelessness,  that  the 
manager  will  have  to  provide  against. 

The  position  of  all  important  air  doors  in  a mine 
may  be  electrically  determined  by  a piece  of  apparatus 
designed  by  the  writer  for  the  purpose,  which  costs 
but  a trifling  amount ; but  the  ‘ trapper  5 system,  by 
placing  boys  to  watch  the  doors,  is  perhaps  better, 
only  it  will  frequently  be  found  necessary  to  place 
men  to  watch  the  boys. 

The  most  important  posts  in  the  ventilation 
department  of  a colliery  are  the  fireman,  roadsman, 
trapper  or  doorkeeper,  and  master  wasteman. 

The  fireman’s  duties  are  very  hazardous.  He  is 
a competent  person  solely  employed  to  test  the  pit  for 
gas.  When  inflammable  gas  has  been  found  (and 
we  presume  that  all  viewers  will  see  the  propriety  of 
examining  before  each  shift  begins  work,  even  where 
it  has  not  been  found),  he  has  to  examine  the  pit 
once  in  every  shift  or  once  in  every  twenty-four 
hours  •,  should  he  find  gas,  he  must  report  the  same 
in  a book  kept  for  the  purpose.  The  Act  should 
have  made  him  post  a notice  at  the  pit-head,  con- 
taining extracts  from  the  book,  showing  briefly 
where  gas  had  been  found  throughout  the  mine. 
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He  also  places  c fire  boards,’  or  notices  of  dangerous 
gas,  at  the  entrance  to  headings  which  have  been 
found  in  his  examination  to  contain  it.  These  boards 
should  be  painted  red,  and  made  easily  recognisable 
to  miners  who  cannot  read.  Another  most  respon- 
sible duty  of  the  fireman  is  to  act  as  the  ‘ competent 
person  ’ where  shots  are  being  fired.  No  shots 
should  be  fired  where  naked  lights  are  used  in  the 
vicinity,  as  a large  volume  of  gas  may  exude  or  be 
discharged  after  the  shot,  and  so  become  ignited, 
although  the  ventilation  may  be  ample ; neither 
should  lamps  on  Davy’s  principle  be  used  for  the 
operation,  but  self-extinguishing  lamps,  such  as 
Stephenson’s  or  Williamson’s  safety  lamps. 

He  should  commence  firing  his  shots  on  the 
return  side  of  the  pit,  always  facing  the  air  current ; 
thus  the  gas  liberated  by  the  first  shot  is  being 
blown  away  by  the  air  current  from  the  site  of  the 
next  one  he  is  going  to  fire.  This  is  a most  important 
point,  and  should  be  strictly  adhered  to.  He  should 
also  examine  the  sides  of  props  near  the  working 
faces,  to  see  if  they  bear  the  marks  of  matches  being 
struck  on  them  by  the  colliers. 

The  fireman  should  make  his  inspection  imme- 
diately before  the  entrance  of  the  workmen  to  the 
mine,  and  allow  no  delay  to  occur , as  a large  volume 
of  gas  may  be  easily  discharged  in  the  interval 
elapsing  between  his  inspection  and  their  com- 
mencing work,  which  may  result  in  an  accident. 
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He  should  take  notice  of  any  loose  hay  or  straw 
lying  about  in  the  pit,  and  report  on  any  horse-dung 
or  rubbish  left  lying  about  on  the  roadways ; if 
brassy  lumps  of  coal  are  thrown  out  on  the  road, 
they  should  be  got  rid  of.  These  are  all  apt  to 
generate  gob-fire  by  spontaneous  combustion ; and 
although  such  combustion  may  not  be  sufficiently 
active  to  cause  flame,  nevertheless  it  must  be  remem- 
bered that  all  combustion  detracts  from  the  purity 
of  the  air,  by  depriving  it,  as  already  shown,  of  a 
portion  of  its  oxygen,  and  by  increasing  the  temper- 
ature of  the  air,  it  tends  to  facilitate  the  escape  of 
noxious  gases. 

The  roadsman’s  duties  principally  consist  in  the 
maintenance  of  all  the  air-ways  in  a good  and  secure 
condition.  His  especial  duty  is  to  provide  against 
falls ; and  should  these  falls  occur  he  must  exercise 
great  care , both  in  approaching  the  spot  after  the 
fall,  and  in  providing  against  a further  fall.  On  no 
account  must  he  ever  work  with  a naked  light,  and 
it  will  be  found  advisable  to  give  him  a practical 
training  as  a fireman  before  he  becomes  a roads- 
man.  This  is  easily  done  by  sending  him  round  the 
pit  with  the  fireman  for  a time,  so  that  he  may 
become  conversant  with  the  nature  and  behaviour  of 
the  fire-damp,  and  the  necessary  precautions  to  be 
taken  in  testing  for  its  presence  with  the  lamp. 
Possibly  at  a future  date,  when  the  mania  for  edu- 
cation has  been  diluted  with  a little  common  sense. 
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the  school  boards  in  mining  districts  may  see  the 
propriety  of  teaching  the  pit  boys  the  nature  and 
behaviour  of  fire-dam}!,  &c.,  but  in  the  meantime 
the  manager  must  do  it. 

The  overman  is  responsible  (subject  to  the  control 
and  supervision  of  the  manager)  that  adequate  venti- 
lation is  supplied  to  all  parts  of  the  pit ; and  these 
three  officials,  viz.,  the  overman,  fireman,  and  roads- 
man,  should  be  selected  from  the  others  on  account 
of  their  qualifications  to  fill  these  respective  posts, 
and  not  on  account  of  their  long  service  or  good 
conduct : the  posts  are  too  responsible  for  this  latter 
cause  of  selection,  which  is  only  applicable  where  no 
responsibility  exists,  and  not  where  the  person  to  be 
promoted  is  incapable  of  accepting  that  respon- 
sibility. 

Falls  of  roof  can  only  be  provided  against  by 
timbering  of  suitable  strength  and  quality ; this 
cannot  well  be  entered  into  here,  as  the  nature  of 
the  roofs  of  no  two  pits  is  alike.  It  will  be  found 
advantageous  to  study  the  methods  of  timbering  and 
walling  in  use  in  the  district  under  the  various 
conditions  of  working,  and  to  apply  that  system 
which  appears  to  meet  your  own  case  best. 

A practice  used  to  exist  of  so  splitting  the  main 
air  current,  that  in  the  first  case  the  greater  part  of 
the  air  circulated  round  the  pit,  visiting  district  after 
district,  thereby  becoming  more  impure  and  explosive 
as  it  went  on ; and  in  the  second  case,  the  splits  were 
so  badly  arranged  that  some  districts  were  never 
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really  ventilated  at  all.  Care  should  be  taken  that 
this  does  not  occur. 

The  master  wasteman  is  a most  responsible  person, 
and  the  waste,  or  old  workings,  is  a very  fruitful 
source  of  gob-fire,  the  cause  of  which  we  will  here 
explain,  and  show  how  it  may  be  provided  against. 

c Brassy  coal,’  as  it  is  technically  called,  is  coal 
containing  a certain  per-centage  of  iron  pyrites. 
This  pyrites  is  the  yellow  spots  we  have  on  house 
coal.  Its  chemical  formula  is  FeSr  It  is  therefore 
sulphide  of  iron,  and  merely  requires  one  more  atom 
of  oxygen  to  allow  the  sulphide  to  become  converted 
into  a sulphate  with  the  evolution  of  a considerable 
quantity  of  heat.  If  coal  becomes  exposed  to  a 
moist  hot  atmosphere,  or  if  air  is  blown  through 
the  coal  instead  of  over  the  surface  of  the  coal,  the 
cooling  effect  is  partially  destroyed,  and  the  heat 
evolved  by  the  oxidation  of  the  pyrites  is  sufficient 
to  fire  the  seam.  In  waste  workings  this  frequently 
takes  place,  and  the  following  rules  must  be  observed. 
No  slack  coal  or  waste  heaps  must  be  allowed  to 
accumulate,  neither  must  the  practice  of  ‘ putting 
back  ’ the  small  coal  be  permitted.  The  air  circu- 
lating in  the  waste  workings  must  be  a brisk  dry 
current,  or  the  waste  had  better  be  £ stopped  off  ’ 
altogether,  but  in  no  places  where  pillars  have  been 
removed  must  the  air  be  allowed  to  stagnate;  if 
these  precautions  are  taken  gob-fire  will  be  guarded 
against  as  far  as  human  foresight  can  guard  against 
such  contingencies. 
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This  is  the  master  wasteman’s  province,  and  he 
should  have  frequent  interviews  with  the  manager, 
and  discuss  the  state  of  the  ventilation  from  day  to 
day  in  such  wastes ; but  as  a fixed  rule  it  is  advisable 
always  to  stop  off  all  goafs  and  wastes  by  air-tight 
fireproof  brick  stoppings,  as  described  in  a previous 
chapter,  and  pack  them  up. 

In  mines,  the  inclinations  of  the  seams  of  which 
are  very  steep,  it  is  obvious  that,  if  possible,  the 
intakes  should  be  on  the  dip  side  of  the  mine,  and 
the  return  air- ways  on  the  rise  side,  in  order  to  utilise 
the  natural  ventilative  effect  that  would  be  thus 
brought  about  by  the  heated  air  and  diluted  gas 
being  lighter  than  the  air  in  the  intakes,  thus 
causing  a natural  draught  through  the  workings. 
We  strongly  urge  the  filling  up  of  all  waste  workings 
as  much  as  possible.  They  should  be  looked  upon 
as  so  many  gasometers,  and  dispensed  with  whenever 
possible.  It  is  in  these  large  wastes  that  the  danger 
of  a low  barometer  reading  exists.  In  mining  a 
seam  with  another  a short  distance  below  it  care 
must  be  taken  to  prevent  the  gas  from  the  lower 
seam  blowing  into  the  upper  one.  Explosions  have 
occurred  from  this,  and  the  distance  and  nature  of 
the  strata  between  the  two  should  be  proved  with  a 
borehole  if  the  existence  of  a lower  seam  is  known  or 
suspected ; the  hole  must  be  closed  when  the  object  is 
attained. 

Another  system  of  ventilation,  by  means  of  jets 
of  steam  or  air,  has  been  tried,  but  is  a very  wasteful 
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system  except  under  peculiar  circumstances.  Where 
a hauling  engine  is  situated  directly  at  the  bottom 
of  the  shaft,  the  exhaust  steam  may  be  utilised,  and 
it  is  only  under  such  circumstances  as  these  that  it  can 
be  employed  as  a blast  to  cause  a circulation  of  air. 

It  has  been  calculated  that  the  vis  viva  of  a,  jet 
of  air  under  a compression  of  five  atmospheres  only 
represents  jVsW  °f  force  necessary  to  compress 
it.  This  loss  may  be  diminished  by  lowering  the 
degree  of  compression  in  tension. 

The  following  are  the  elements  of  success  in 
using  blasts  as  a means  of  ventilation,  and  are  the 
results  of  experiences  in  the  experiments  of  Nozo 
and  Geofffoy.  The  blast  pipe  should  be  seven  times 
longer  than  its  diameter ; the  distance  of  the  mouth 
of  the  tuyere,  from  the  point  of  entrance  to  the  blast 
pipe,  should  not  exceed  three  times  the  diameter  of 
the  blast  pipe,  and  the  tuyere  should  not  penetrate 
to  a greater  extent  than  twice  the  diameter  of  the 
blast  pipe.  It  is  immaterial  to  the  effect  produced 
whether  the  position  of  the  blast  pipe  be  vertical  or 
horizontal.  Practical  experience  shows  that  the 
useful  effect  obtained  by  ventilating  with  a steam 
blast,  is  only  from  5 to  6 per  cent,  of  the  useful 
effect  produced  by  a machine  absorbing  the  same 
amount  of  steam. 

To  utilise  a jet  of  air  to  ventilate  a mine,  the 
best  effect  will  be  secured  by  placing  the  delivery  or 
blow  pipe  in  the  centre  of  the  axis  of  the  shaft.  It 
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is  obvious  that  the  inertia  that  the  compressed  air 
possesses  is  spent  in  opposing  the  resistance  of  the 
column  of  air  in  the  shaft,  and  in  to  a small  degree 
communicating  a portion  of  its  inertia  to  that  column, 
consequently  the  velocity  of  the  air  in  this  case  is  of 
considerable  importance.  In  fact,  the  power  required 
to  compress  the  air  to  effect  the  blow  at  the  necessary 
velocity  is  greater  than  the  force  required  to  impart 
that  velocity  by  means  of  a Guibal  fan,  and  this 
should  be  sufficient  reason  against  the  use  of  com- 
pressed air  or  steam  blast  as  a means  of  ventilation 
for  a mine. 

When  steam  at  high  pressure  impinges  against 
a column  of  air  of  a lower  temperature,  a considerable 
portion  of  the  useful  effect  of  that  steam  must  be 
lost  by  reason  of  the  unavoidable  condensation  that 
takes  place  ; and  the  increase  of  temperature  that 
this  condensed  steam  is  able  to  impart  to  the  air 
column  in  the  shaft,  had  it  remained  at  its  original 
pressure,  is  lost  by  its  condensation,  so  that  the 
atmosphere  of  the  shaft  in  which  the  blast  is  fixed 
and  delivered  is  in  one  place  nothing  more  than  a 
mixture  of  air  and  steam  of  a nearly  uniform  tem- 
perature, and  it  is  for  the  engineer  to  determine  the 
precise  spot  in  the  shaft  at  which  this  state  of  things 
is  brought  about ; if  at  any  depth  in  the  shaft  good 
ventilation  cannot  take -place. 

The  general  conclusions  arrived  at  are  as  fol- 
lows : — 
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Blasts  of  air,  as  a means  of  ventilation  in 
collieries,  may  be  dismissed  from  onr  consideration 
as  impracticable. 

Furnaces  and  steam  jets  must  not  be  used,  except 
when  such  advantageous  circumstances  as  we  have 
pointed  out  permit  their  economical  use. 

Mechanical  ventilation  by  means  of  fans,  which 
do  not  shut  off  the  communication  between  the 
surface  atmosphere  and  that  of  the  mine  when  the 
fan  is  not  in  motion,  whether  a direct-acting  blowing- 
fan  or  a centrifugal  fan,  is  not  a satisfactory  system 
of  ventilation,  on  account  of  the  great  speed  at 
which  the  fan  must  be  rotated.  Of  this  class, 
Guibal’s  fan,  when  properly  erected,  is  the  least 
objectionable,  and  may  fairly  be  regarded  as  an 
economical  and  convenient  method  of  ventilating  a 
pit ; Lemielle’s  air-pump  system  is  an  expensive  and 
easily  deranged  system,  and  on  the  whole  we  can 
safely  recommend  Guibal’s  fan  and  Schiele’s  fan  as 
being  the  best  means  of  mechanical  ventilation, 
although  from  an  engineering  point  of  view  they 
cannot  be  considered  perfect. 

Practical  Notes  on  Ventilation  in  Long 
Wall  and  Rib  and  Pillar  Working. 

Long  Wall. 

The  practical  advantages  derived  from  long  wall 
working  as  against  rib  and  pillar  working  may  be 
thus  briefly  summed  up  : — 
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14  per  cent,  more  large  coal  is  obtained  by  the 
former  than  the  latter. 

19  per  cent,  average  more  coal  per  acre  is 
obtained. 

It  is  applicable  when  the  seam  is  not  faulty,  when 
it  is  thin  or  containing  an  ironstone  seam  workable 
with  the  coal,  as  in  North  Staffordshire,  or  a seam 
with  a dirt  parting.  Less  brattice  cloth  is  required 
for  ventilation.  It  permits  of  shot  firing  with 
greater  safety. 


Rib  and  Pillar. 

A thick  seam,  like  the  ten-yard  coal  in  South 
Staffordshire,  a pit  that  is  not  fiery,  and  where  the 
coal  seams  do  not  lie  at  a considerable  inclination. 

Local  circumstances  tend  to  influence  the  adop- 
tion of  this  system  of  working. 

It  is  confidently  asserted  that  explosion  is  less 
frequent  with  the  long  wall  than  with  the  rib  and 
pillar  system  of  working ; and  when  we  consider  that 
most  of  the  thick  coal  seams,  where  rib  and  pillar 
work  is  in  force,  are  not  fiery,  we  incline  strongly 
to  the  opinion  in  favour  of  long  wall  when  practica- 
ble. The  large  goafs  that  occur  in  pillar  work  are 
thus  avoided,  and  the  distribution  of  air  is  more 
uniform.  It  is  easier  to  head  out  to  the  colliery 
boundary,  and  £ work  home 5 to  the  pit  with  long 
wall  work,  and  the  disruption  of  the  surface  is  less. 
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In  shot  firing  the  fireman  should  fire  from  the  return 
side  of  the  air  current  towards  the  intake,  so  that  he 
may  always  have  the  gas  he  may  liberate  with  a shot 
blowing  from  the  position  of  the  next  one  he  intends 
to  fire.  In  opening  out  a pit  for  rib  and  pillar  work- 
ing, the  first  step  is  to  connect  the  two  shafts  by 
headings  to  secure  ventilation.  Then  the  levels  or 
way  gates  are  set  off  at  right  angles  to  the  direction 
of  the  dip  of  the  coal  seam  to  form  a water  level. 

Two  roadways  are  driven  from  the  hauling  shaft, 
one  in  each  direction ; these  are  the  main  gate  roads 
through  which  the  coal  won  is  brought  to  the  pit 
bottom. 

If  it  is  a dry  seam  the  water  level  need  not  be 
driven  on  the  dip  side. 

It  is  very  necessary  that  the  main  air  roads  at 
the  bottom  of  both  up  and  downcast  shafts  should  be 
brick-arched  when  they  have  settled. 

When  driving  the  headings  great  care  must  be 
exercised  in  ventilating  them  by  cut-tliroughs  or 
passages  connecting  the  intake  heading  with  the 
return  heading,  and  capable  of  being  stopped  up 
afterwards  with  brickwork ; if  this  cannot  be  done 
the  heading  must  be  divided  with  brattice  cloth,  the 
air  current  going  up  one  side  and  down  the  other. 

In  working  the  ten-yard  coal  by  rib  and  pillar 
the  sides  of  the  work  require  to  be  divided  from  each 
other  by  ‘ fire  ribs  ’ in  partitions  of  coal ; a road  is 
driven  up  each  of  these  ribs  between  two  stalls,  and 
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a liole  cut  through  into  the  stalls  when  required. 
This  secures  the  escape  of  any  gas.  An  examination 
of  the  two  systems  in  practical  work  will  afford  the 
reader  more  knowledge  and  insight  into  the  question 
than  a description  here. 

Waddle’s  fan  and  Schiele’s  fan  are  fans  of  recent 
date.  For  a small  colliery  Schiele’s  fan  is  effective. 
A practical  hint  may  be  given  to  those  who  design 
fans.  The  temperature  of  the  air  to  be  withdrawn 
from  the  mine  must  be  considered.  Many  fans  of 
Guibal’s  pattern  do  not  act  efficiently  owing  to  this 
point  being  neglected.  It  is  obvious  that  the  volume 
of  the  ascending  air  being  increased  by  its  tempera- 
ture, the  exhaustive  capacity,  or  power  the  fan  has 
of  producing  a given  depression,  must  be  allowed  to 
be  sufficiently  great  to  admit  of  this  increased 
volume  being  held  by  the  fan. 

Sir  W.  Fairbairn  has  stated  that  it  was  practi- 
cally impossible  to  circulate  250,000  cubic  feet  of  air 
per  minute  with  a vacuum  fan.  Allowing  this  to  be 
so,  the  result  of  experience  shows  that  where  an 
adequate  result  can  be  obtained  the  fan  should  be 
used  in  preference  to  the  furnace  on  the  score  of 
safety.  The  question  of  the  ultimate  limit  of  the 
power  of  a fan  to  circulate  air  does  not  in  our 
opinion  rest  so  much  on  the  fan,  as  upon  the  solution 
of  the  question  of  the  number  of  shafts.  We  are  of 
opinion  that  coal  is  more  safely  got,  and  in  some 
cases  at  less  hauling  expense,  by  having  more 
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shafts,  than  with  a single  upcast  and  downcast  shaft 
only. 

If  compressed  air  becomes  the  power  for  under- 
ground haulage,  we  must  design  our  fans  for  giving 
a high  velocity  to  a large  quantity  of  air,  and  depend 
on  the  exhaust  air  from  the  engines  underground  for 
the  volume. 

It  is  impossible  to  lay  down  a hard  and  fast  rule 
on  this  point.  The  tendency  is  to  supplant  steam 
and  horses  underground  with  compressed  air  as  a 
motive  power.  The  result  will  be  that  questions 
will  arise  and  new  difficulties  present  themselves 
that  it  is  nearly  impossible  to  foresee  ; all  the  mining 
engineer  has  to  provide  against  is  not  to  follow  the 
steps  of  his  predecessors,  and  so  fall  into  their  errors 
when  they  were  in  error,  until  he  has  satisfied  him- 
self of  the  probable  results,  by  means  of  the  expe- 
rience and  scientific  knowledge  brought  to  bear  upon 
the  subject  in  the  present  day.  Cheapness  of  pro- 
duction is  the  essential  qualification  of  a good 
colliery,  and  the  change  from  horses  and  steam  to 
compressed  air  may  to  a certain  extent  act  as  a 
natural  check  upon  the  effect  of  short  hours  and  ad- 
vanced wages.  This  point  should  not  be  overlooked 
in  laying  out  a new  colliery.  We  have  therefore  given 
the  following  as  points  to  be  considered  when  using 
compressed  air  as  a means  of  conveying  power  to  a 
distance. 
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Compressed  Air. 

That  underground  haulage  by  means  of  horses 
will  be  eventually  superseded  by  atmospheric  pres- 
sure, either  used  directly  as  an  air  locomotive,  or 
indirectly  as  a hauling  engine,  actuated  by  compressed 
air  in  place  of  steam,  very  few  persons  will  doubt. 
It  affects  the  subject  under  our  consideration  in- 
directly. Steam  underground  in  fiery  mines  is  a 
source  of  danger;  horses  are  as  expensive  when 
at  rest  as  when  working — they  consume,  as  we  have 
already  seen,  6‘3  times  the  amount  of  air  required 
for  a man  per  minute.  On  the  other  hand,  in  com- 
pressed air  we  have  a power  that  costs  nothing 
when  at  rest,  that  is  perfectly  safe  in  the  most  fiery 
mine,  and  that  largely  increases  the  quantity  of  air  in 
the  mine  without  increasing  its  final  velocity , whilst 
to  a certain  extent  lowering  its  temperature.  These 
considerations  cannot  fail  to  attract  the  attention  of 
modern  mining  engineers.  We  propose  to  give  here 
the  main  features  of  interest  or  importance  that 
require  to  be  taken  into  account  with  this  method  of 
transmitting  power. 

Firstly,  from  experiments  at  the  Powell  Duffryn 
collieries  we  find  that  a low  degree  of  tension  gives 
the  best  effect ; that  is,  that  it  is  not  advisable  to 
compress  the  air  to  too  great  a pressure,  as  the  follow- 
ing results  show : — 
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Air  pressure  40  lbs.  per  sq.  in.  yielded  in  useful  effect 


55 

34 

55 

55 

25*8  p.c. 
27-1  „ 
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28*5 

55 

55 

28-5  „ 

55 

24 

55 

55 

34-9  „ 

55 

10 

55 

55 

45-8  „ . 

M.  Colladon, 

one  of 

the 

engineers 

of  the  St, 

Gothard  Tunnel,  made  a minute  of  experiments  on 
compressing  pumps  (‘  Annales  industrielles,’  1877, 
yoI.  ii.,  col.  51),  the  pressures  varying  up  to  ten 
atmospheres  (150  lbs.  per  square  inch),  with  the 
piston  speed  exceeding  201  feet  per  minute,  and  the 
quantity  of  water  injected  being  YoVo  volume  of 
the  stroke,  the  temperature  of  the  air  60°  to  80°  F. 
Here  the  stroke  was  17*8  inches,  the  volume  of 
clearance  being  that  of  the  stroke. 

The  injection  of  water  cooled  the  air  economically 
and  effectively. 

The  useful  effect  of  air  thus  compressed  and 
converted  into  mechanical  power  is  at  first  sight  low 
in  comparison  to  the  absorption  of  steam  power  to 
compress  it,  indeed,  as  low  as  only  17  per  cent.,  and 
as  high  as  nearly  60  per  cent.  The  causes  of  these 
variable  results  are  found  when  we  examine  the 
following  points. 

Variable  piston  speed  of  the  compressing  engine 
produces  fluctuations  and  waves  of  compression  in 
the  delivery  pipes.  These  waves  of  air  at  variable 
tensions  act  and  react  on  each  other.  Again,  the 
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power  absorbed  in  compressing  reappears  in  the 
receiver  or  air  tank  and  air  cylinders  of  the  com- 
pressing pump,  in  xhe  form  of  heat ; but  we  have  seen 
that  if  air  at  a temperature  of  0°  F.  be  heated  to 
461°  F.  its  volume  is  doubled ; thus  if  we  were  to 
get  a temperature  of  461°  F.  in  the  air  cylinders,  we 
should  have  to  compress  just  double  the  quantity 
of  air  per  minute  that  we  should  if  we  could  keep  the 
temperature  down  by  artificial  means  to  0°  F.  Air, 
when  compressed  to  four  times  its  original  pressure, 
would  gain  258°  F.  in  temperature ; the  volume  would 
increase  about  2:3;  the  absolute  power  absorbed  by 
the  production  of  this  258°  of  heat  would  be  about 
34  per  cent,  of  the  total  steam  power ; where  water 
was  injected  as  a spray,  at  a sufficiently  low  tem- 
perature and  in  a volume  sufficient  to  reduce  the 
air  temperature  in  the  air  cylinders  during  | of 
the  stroke,  this  loss  of  34  per  cent,  could  be  saved, 
and  therefore  still  available  as  power.  The  next 
point  is  that  the  higher  the  temperature  and  pres- 
sure in  the  air  receiver,  the  lower  will  it  be  at  the 
air-port  or  orifice  of  the  air  engine,  and  the  snow 
ice  will  be  found  causing  stoppage  by  blocking  up 
the  exhaust.  The  remedy  is  to  cool  the  air  to  about 
85°  F.,  and  lubricate  the  working  parts  of  the  air 
engine  with  glycerine.  Proper  and  sufficient^  large 
ports  will  do  much  to  prevent  the  formation  of 
icicles.  Of  the  480-horse  power  developed  in  the 
steam  cylinder  of  the  air-compressing  engine  at  the 
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Powell  Duffryn  collieries  to  drive  twenty-six  com- 
pressed air  engines,  about  25  per  cent,  was  repre- 
sented by  the  work  of  these  engines.  We  maintain 
that  there  is  too  much  stress  laid  upon  this  loss  of 
power ; the  advantages  of  the  use  of  compressed  air 
in  mines  from  the  economical  and  safety  point  of 
view  is  forgotten  in  the  endeavour  to  compress  air 
at  a point  a with  a known  power  of,  for  instance, 
25  h.p.,  and  reproduce  it  as  a power  of  25  h.p.  at  b. 
Eminent  engineers  liave  fixed  the  limit  of  effect  at 
50  per  cent,  of  the  steam  power,  but  we  venture  to 
predict  that  at  45  lbs.  per  square  inch,  air  pressure, 
85°  E.  temperature,  and  large  hauling  ropes,  with  a 
proper  attention  to  the  state  of  the  roads,  curves,  and 
gradients,  that  limit  will  ultimately  be  exceeded. 
Mr.  Bramwell  stated  in  1874  that  taking  air  at 
40  lbs.  per  square  inch  and  water  at  700  lbs.,  the 
standard  limit  of  pressure  advocated  by  Sir  William 
Armstrong,  and  applying  these  two  means  of  power 
to  an  engine,  it  would  require  17^  times  as  great  a 
volume  of  air  as  that  of  water  to  produce  the  same 
results  with  the  engine  with  the  two  different 
agencies,  and  the  velocity  of  flow  would  have  to  be 
17^  times  as  great  with  air  as  with  water;  as  there 
was  17^  times  a greater  bulk  of  air  than  of  water  to 
deliver  through  the  conducting  pipe,  the  power 
required  to  overcome  the  friction  would  be  as  the 
cube  of  the  velocity,  5,359  times  the  power  required 
with  water,  supposing  the  density  of  the  air  and  the 
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water  to  be  the  same ; but  air  at  40  lbs.  pressure  is 
about  220  times  as  light  as  water,  so  that  the  result 
should  be  divided  by  220,  giving  1'4  times  greater 
friction  and  24  times  greater  loss  of  power  with  air 
than  with  water.  If  the  conducting  pipes  are  large, 
and  the  velocity  of  the  air  slow,  the  relative  loss  of 
power  from  friction  will  be  very  much  less.  Water 
is  no  use  in  ventilation  in  a mine  where  air  is  of 
very  great  service,  so  that  what  applies  on  the 
surface  must  not  be  used  as  an  argument  against 
the  use  of  compressed  air  underground. 

Mr.  Daniell’s  experiments  published  in  the  Trans- 
actions of  the  Institution  of  Mechanical  Engineers  in 
1874,  when  tabulated  from  the  £ Indicator  Diagrams’ 
give  the  following.  The  air  was  compressed  with 
70  lbs.  steam  pressure  cut  off  at  T’T  the  stroke  in  a 
non-condensing  engine.  The  theoretical  mean  effec- 
tive steam  pressure  is  35 *8  lbs.  per  square  inch.  One 
cubic  foot  of  steam  at  70  lbs.  pressure  being  taken  at 
0T83  lb.,  the  theoretical  useful  effect  per  lb.  of 

water  evaporated  = j = 112-682  foot 

0-183 

pounds  in  the  steam  cylinders  of  the  compressing 
engine.  The  theoretical  useful  effect  of  air  at  40  lbs. 
pressure  is  29-072  foot  pounds  per  pound  of  water 
evaporated,  the  per-centage  of  useful  effect  actually 
yielded  by  the  air  being  25-8. 

The  greatest  attention  should  be  paid  to  the 
design  and  proper  construction  of  the  air  valves  of 
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Useful  effect  of  compressed  air  compared  with  steam  at 
five  different  pressures.  ( DanielVs  experiments .) 


Pressure  of  air  in 
receiver  in  lbs.  per 
sq.  inch  above  at- 
mospheric pres- 
sure   

Weight  of  1 cubic 
foot  of  steam  in 
lbs 

40-0 

0T23 

340 

0-110 

28-5 

0099 

24-0 

0090 

19-0 

0-079 

Theoretical  useful 
effect  of  air  in  ft. 
lbs.  (F.)  .... 

29072 

30527 

32114 

39326 

51608 

Theoretical  useful 
effect  of  steam  at 
the  same  initial 
pressure  air  in  ft. 
lbs.  (G.)  .... 

59544 

56455 

52424 

48393 

43392 

Percentage  of  use- 
ful effect  from 
air  compared  with 

steam  (100  x-^) 

48-8 

54-1 

61-3 

81-3 

118-9 

an  air  engine  to  secure  free  inlet  and  egress.  The 
water  injected  into  the  expanding  cylinder  should 
be  of  such  a temperature  that  the  heat  taken  from 
the  air  whilst  compressing  it,  should  be  applied 
again  to  the  air  when  in  the  expanding  cylinder  as 
nearly  as  mechanical  inventive  genius  can  arrange. 
Pressure  gauges  should  be  attached  at  convenient 
spots  to  show  the  pressures  existing  along  the  line 
of  pipes  which  convey  the  compressed  air  from  the 
compressor  to  the  air  engine  underground  if  it  be  a 
stationary  engine.  Conducting  pipes,  from  2\  to  3^ 
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inches  inside  diameter,  will  be  found  sufficient,  except 
under  special  circumstances.  A high  velocity  of  the 
air  will  be  produced  if  the  pipes  be  too  small ; the 
point  to  be  aimed  at  being  that  no  more  air  shall 
pass  through  the  conducting  pipes  than  is  required 
by  the  engine  per  minute.  The  discharge  of  the  ex- 
hausted air  should  of  course  be  in  the  direction  of 
the  air  current,  when  possible  into  the  main  return 
air-way,  in  preference  to  an  intake,  with  a view  to 
cooling  and  still  further  diluting  the  return  air 
current  with  fresh  air,  without  detracting  from  the 
amount  travelling  up  to  the  working  forces  by  the 
intakes. 

The  question  of  the  loss  of  head  due  to  friction 
has  been  carefully  considered  at  the  Bonchamp 
collieries.  From  experiments  conducted  there  it  has 
been  deduced  that  the  resistance  is  directly  as  the 
length  of  the  conducting  pipe ; it  is  directly  as  the 
square  of  the  velocity  of  the  flow,  and  inversely  as 
the  diameter  of  the  pipe.  The  point  to  be  noticed 
is  that  for  velocities  under  four  feet  jper  second  the 
loss  by  transmission  is  not  very  great,  but  with 
higher  velocities  it  rapidly  becomes  an  insurmount- 
able object.  The  following  formula  will  be  of  use 
in  the  above  question  : — 

Let  A be  the  area  of  the  pipe  in  square  feet. 

S = the  perimeter  multiplied  by  the  length 
of  the  pipe  in  feet 

V = the  velocity  of  the  air  in  feet  per  second. 
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Taking  tlie  value  of/  at  d of  the  fric- 
tion in  the  air- ways  of  a mine. 
h = the  head  or  height  of  the  motive  column 
in  feet,  the  pressure  due  to  which  must 
be  subtracted  from  that  in  the  reservoir 
to  find  the  pressure  at  the  end  of  the 
air-pipe. 

Then — 

h = FSV' 
a 


Practically,  large  pipes  for  conducting  the  air 
down  the  shaft,  tight  joints,  and  an  even  temperature 
are  the  points  to  be  noticed  in  conducting  air  from 
the  surface  to  the  hauling  engine  or  air  tank  under- 
ground. 

In  cases  of  water-pressure  engines  used  to  work 
mechanical  haulage,  their  power  must  be  thus  calcu- 
lated : — 

Q — quantity  of  water  in  cubic  feet  per  minute. 

H = head  of  water  in  feet. 

P = effective  horse-power. 


Q = 
P = 


661  P 
H 

•001612  H 


It  is  essential  that  the  velocity  of  the  water  in 
the  supply  pipes  should  not  exceed  400  feet  per 
minute. 
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CHAPTER  VIII. 

MINES  REGULATION  ACT. 

Subjoined  is  an  abstract  of  the  duties,  as  set  forth 
by  Act  of  Parliament,  of  those  persons  who  are 
responsible  for  the  ventilation  of  the  mine. 

Reports,  where  danger  exists,  cannot  be  made  too 
promptly,  and  it  is  the  duty  of  every  man  in  the  pit 
to  cause  no  danger  to  himself  or  others,  and  when 
danger  exists,  such  as  a fall  of  roof  or  a blower  of 
gas,  he  should  not  delay  to  report  the  same  at  once, 
but  should  place  a warning  at  the  spot,  or  station 
some  one  to  caution  persons  from  inadvertently  enter- 
ing the  spot  where  the  blower  or  fall  is. 

1.  An  adequate  amount  of  ventilation  shall  be 
constantly  produced  in  every  mine  to  dilute  and 
render  harmless  noxious  gases,  to  such  an  extent 
that  the  working  places  of  the  shafts,  levels,  stables, 
and  workings  of  such  mine,  and  the  travelliug  roads 
to  and  from  such  working  places,  shall  be  in  a fit 
state  for  working  and  passing  therein. 

2.  During  the  twelve  months  following  the 
discovery  of  inflammable  gas  in  a mine,  a competent 
person  shall,  before  the  time  for  commencing  work 
in  any  part,  inspect  with  a safety  lamp  that  part  of 
the  mine  and  the  roadways  leading  thereto.  The 
inspection  shall  be  made  once  in  every  twenty-four 
hours  if  one  shift  is  employed,  and  once  in  every 
twelve  hours  if  two  shifts  are  employed ; and  a 
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report  of  the  state  of  the  ventilation  shall  be  recorded 
in  a hook  kept  at  the  mine  for  that  purpose,  and 
signed  by  the  person  making  the  same.  In  a mine 
in  which  inflammable  gas  has  not  been  discovered 
during  the  preceding  twelve  months,  the  inspection 
shall  be  made  once  in  every  twenty-four  hours. 

3.  Whenever  the  mine,  or  any  part  thereof,  is 
discovered  to  be  dangerous  by  reason  of  gases  pre- 
vailing therein,  or  of  any  other  cause,  every  work- 
man shall  be  withdrawn  from  the  mine  or  part 
thereof,  and  they  shall  not  be  readmitted  until  the 
mine  or  part  thereof  has  been  inspected  by  a compe- 
tent person,  and  reported  by  him  to  be  safe. 

4.  In  every  working  approaching  any  place 
where  there  is  likely  to  be  an  accumulation  of  ex- 
plosive gas,  no  lamp  or  light  other  than  a locked 
safety  lamp  shall  be  used,  and  whenever  safety 
lamps  are  required,  a competent  person  shall  examine 
every  safety  lamp  immediately  before  it  is  taken  into 
the  workings  for  use,  and  ascertain  if  it  be  secure 
and  securely  locked ; and  in  the  said  part  of  a mine 
a person  shall  not,  unless  he  is  appointed  for  the 
purpose,  have  in  his  possession  any  key  or  contriv- 
ance for  opening  the  lock  of  any  such  safety  lamp,  or 
any  lucifer  match  or  apparatus  of  any  kind  for 
striking  a light. 

Overman. 

Subject  to  the  control  and  supervision  of  the 
manager,  the  whole  operative  details  shall  be  under 


96 


THE  VENTILATION  OF  MINES. 


tlie  care  and  charge  of  the  overman.  The  overman 
shall  see  that  the  workmen  of  every  class,  in  their 
several  departments,  discharge  their  duties ; and 
shall  receive  and  attend  to  all  reports  made  to  him 
as  to  the  state  of  repair  of  the  air  courses,  machinery, 
mid-wall  trap  doors,  roads,  cubes,  and  working 
places.  He  shall  cause  remedies  to  be  provided 
where  needed,  and  shall  see  the  general  and  special 
rules  faithfully  and  vigorously  enforced,  and  he  shall 
have  power  to  hire  and  discharge  workmen. 

He  shall  have  under  his  immediate  and  special 
charge,  the  shaft,  slides,  pump,  and  relative  fittings, 
all  of  which  he  shall  keep  safe  and  efficient. 

He  shall  attend  to  the  ventilation,  in  terms  of 
rule  No.  1 ; and  to  the  observance  of  other  general 
rules,  as  far  as  these,  from  their  nature,  can  be 
observed  by  himself,  or  fail  to  be  observed  by  others 
under  his  charge. 

He  shall  perform  the  special  duties  as  to  the 
examination  of  machinery  and  others. 

He  shall  see  that  a plentiful  supply  of  timber  for 
props  and  other  purposes,  required  by  workmen  to 
carry  on  their  operations  with  safety  to  themselves, 
is  always  ready;  and  shall  cause  the  same  to  be  cut 
in  proper  lengths,  and  laid  down  in  the  working 
places. 

He  shall,  without  delay,  report  to  the  manager, 
or  agent,  or  owner,  any  matter  or  thing  coming 
under  his  notice,  necessary  to  be  observed  or  carried 
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out,  with  a view  to  compliance  with  the  general  or 
special  rules,  which  he  cannot  perforin. 

Furnctcemen. 

Subject  to  the  control  of  the  manager  or  overman, 
the  furnaceman  shall  act  under,  and  obey  the  direc- 
tions  of  the  engineman. 

Roadsmen. 

The  roadsmen  in  their  different  divisions  and 
shifts,  if  more  than  one,  shall,  at  least  daily,  make 
careful  inspection  of  the  whole  roadways  and  work- 
ing places,  from  the  pit  bottom  throughout  the  mine, 
and  shall  keep  the  same  free  from  all  obstructions, 
and  of  the  fixed  height  and  width  necessary  for 
proper  passage  and  for  ventilation.  They  shall  re- 
pair and  remedy  all  damages  and  defects  in  the  roads 
of  the  mine,  and  shall  examine,  and  put  and  keep  in 
proper  condition,  all  trap  doors,  and  see  the  regula- 
tions enforced  that  the  same  are  kept  closed,  and 
whenever  practicable  should  endeavour  to  make  and 
keep  such  trap  doors  self-acting.  They  shall  make 
and  place  sufficient  trap  doors  whenever  the  progress 
of  the  operations  of  the  mine  shall  render  these 
necessary. 

They  shall  stop  the  passage  of  men  and  materials 
through  or  under  defective  roads,  roofs,  or  places, 
until  the  necessary  repairs  shall  have  been  executed. 
They  shall  receive  information  concerning  any  in- 
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terruption  in  the  ventilation  or  any  other  cause  of 
danger,  and  shall  communicate  with  the  manager  or 
overman  immediately,  and  shall  aid  and  assist  in  the 
rectification  and  remedy  of  the  same,  and  shall,  when 
so  employed,  be  permitted  to  use  only  safety  lamps 
in  mines  where  inflammable  gas  has  been  found 
within  the  preceding  twelve  months.  All  lighted  or 
combustible  substances  are  forbidden  to  be  used  in 
the  course  of  such  operations. 

The  roadsman  shall  report  to  the  manager  or 
overman  any  instances  of  neglect  on  the  part  of 
miners,  in  not  carrying  forward  their  faces  or  walls, 
in  accordance  with  the  plan  pursued  in  working  the 
mine.  They  shall  also  examine  and  report  to  the 
manager  or  overman  instances  of  neglect,  and  acts 
of  carelessness  on  the  part  of  the  miners  or  brushers, 
in  failing  to  remove,  or  in  not  removing  with  proper 
caution,  the  strata  necessary  to  be  removed  to  form 
roads,  or  in  not  carrying  forward  the  brushing  with 
sufficient  regularity  and  of  the  proper  dimensions,  or 
with  leaving  the  brushing  with  loose  or  hanging 
stones  in  and  about  the  strata  4 brushed.’ 

As  removing  falls  from  the  roofs  of  roads  and  air 
courses,  and  repairing  defects  therein,  are  within  the 
roadsman’s  duties,  and  as  they  are  charged  with  the 
maintenance  of  all  roads  and  passages  in  the  mine, 
they  are  enjoined  to  proceed  with  the  greatest  caution 
both  for  their  own  safety  and  the  successful  execu- 
tion of  their  duties.  In  these  operations  they  must 
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therefore  be  careful,  and  are  required  to  prevent  all 
other  workmen  coining  near  any  defective  places,  or 
interfering  with  them  when  at  work.  They  are  re- 
quired to  undertake  no  repair  of  unusual  magnitude 
or  danger  without  sufficient  assistance,  and  until 
provided  with  every  necessary  material,  which  will  be 
supplied  on  application  to  the  manager  or  overman. 

Without  prejudice  to  the  foregoing  directions,  it 
will  be  the  special  duty  of  the  roadsman  to  observe 
the  matters  embraced  in  the  following  general 
rules : — • 

1.  Upon  discovering  that  any  part  of  the  mine  is 
dangerous,  to  withdraw  therefrom  any  workmen 
therein  employed  (which  workmen  shall  be  subject 
to  the  roadsman’s  orders,  to  that  effect),  and  report 
the  state  of  matters  to  the  manager,  overman,  or 
fireman. 

2.  To  report  to  the  manager  or  overman  where 
they  observe  any  violation  of  the  rule  as  to  the  use  of 
gunpowder. 

3.  To  see  that  every  man-hole,  or  place  of  refuge, 
is  kept  clear. 

4.  To  examine  the  roof  and  sides  of  every  travel- 
ling road  at  least  daily,  and  see  that  the  roof  and 
sides  are  safe. 

5.  To  report  any  damage  to  any  fence,  casing, 
lining,  means  of  signalling,  or  otherwise,  that  may 
be  observed. 
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Firemen. 

If  inflammable  gas  have  been  found  in  the  mine 
within  the  preceding  twelve  months — which  it  shall 
be  the  duty  of  the  manager  to  ascertain  and  intimate 
to  the  fireman — then  it  shall  be  the  duty  of  such  fire- 
man, or  firemen  if  more  than  one,  in  their  respective 
positions  or  shifts,  to  perform  the  duties  of  examining 
and  inspecting,  with  a safety  lamp,  the  mine  and 
roadways,  and  making  the  report  thereon  in  terms  of 
Buie  No.  2. 

If  the  fireman  shall  encounter  falls  from  the  roof 
in  any  of  the  roads  which  he  requires  to  traverse,  or 
in  working  places  under  the  care  of  the  miners,  he 
shall  not  proceed  further  in  the  direction  of  such 
falls,  so  as  to  pass  under  the  broken  roof,  but  shall 
endeavour  cautiously  to  ascertain  if  there  be  any 
accumulation  of  fire-damp  or  other  impurity  in, 
about,  or  beyond  the  falls,  so  that  the  safest  way  of 
clearing  the  same  may  be  learned  ; and  he  shall  pro- 
ceed elsewhere  through  the  mine  to  examine  the  un- 
obstructive parts  thereof,  and  to  complete  his  inspec- 
tion; whereupon  the  fireman  shall  report  to  the 
manager  or  overman  the  state  of  the  falls,  and 
whether  free  from  impurity,  to  the  end  the  neces- 
sary directions  may  be  given  for  having  the  same 
cleared  away,  and  the  roof  secured ; and  until  this 
shall  be  done,  no  miner  or  workman  shall  be  at 
liberty  to  proceed  near,  or  be  under  the  broken  roof 
unless  employed  in  remedying  the  same. 
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Doorkeeper  (trapper). 

Every  person  employed  in  keeping-  a trap  door, 
for  the  production  or  promotion  of  ventilation  in  the 
mine,  shall,  during  his  shift,  remain  continually  at 
the  post  assigned  him,  and  carefully  observe  the 
directions  he  receives  from  the  manager,  overman, 
roadsman,  or  fireman,  as  to  the  opening  and  shutting 
of  such  doors,  either  on  the  occasion  of  other  work- 
men passing  through  the  same,  or  at  the  beginning 
or  end  of  the  shift. 

Coal-dust  and  Safetij  Lamps. 

By  the  kindness  of  Mr.  Galloway,  I make  here 
some  extracts  from  his  paper  ‘ On  the  Influence  of 
Coal-dust  in  Colliery  Explosions,’  read  before  the 
Royal  Society.  On  this  important  subject  Mr. 
Galloway  says  : £ In  all  dry  mines  the  coal-dust  lying- 
on  the  floor  of  the  roadways  rises  in  clouds  and  fills 
the  air  when  it  is  disturbed  by  the  passage  of  men, 
horses,  small  waggons,  &c.  A sudden  puff'  of  air, 
therefore,  such  as  that  produced  by  a local  explo- 
sion of  fire-damp,  or  by  a shot  blowing  out  its  tamp- 
ing, must  necessarily  produce  the  same  effect  in  a 
greater  or  less  degree  according  to  its  intensity.  The 
mixture  of  coal-dust  and  air,  formed  by  the  action  of 
either  the  fire-damp  explosion  or  the  blown-out  shot, 
will  be  inflammable  if  it  contain  any  larger  proportion 
of  fire-damp  than  0*892  per  cent. ; and  the  flame  of  the 
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original  explosion  will  pass  on  through  it,  extending 
tlie  area  of  the  disturbance  as  far  as  the  same  condi- 
tions exist,  or,  it  may  be,  to  the  utmost  limits  of  the 
workings.  If  it  contain  more  than  0-892  per  cent, 
of  fire-damp,  it  will  be  more  and  more  explosive,  ac- 
cording as  the  proportion  of  fire-damp  is  greater, 
until  a maximum  point  is  reached,  beyond  which  its 
explosiveness  will  begin  again  to  decline.  If,  lastly, 
it  contain  less  than  0*892  per  cent,  of  fire-damp,  or 
even  if  it  consist  only  of  coal-dust  and  pure  air,  it 
will  still  be  so  nearly  inflammable  that  it  will  pro- 
bably become  so  when  it  undergoes  the  compression 
and  consequent  heating,  which  the  occurrence  of  an 
explosion  in  one  part  of  a confined  space  must 
necessarily  produce  throughout  the  remainder  of  the 
same  space.  It  is  probable,  moreover,  that  some 
kinds  of  coal-dust  require  less  fire-damp  than  others 
to  render  their  mixture  with  air  inflammable ; and  it 
is  conceivable  that  still  other  kinds  may  form  inflam- 
mable mixtures  with  pure  air.’ 

c I may  mention  that  in  the  apparatus  which  I 
have  hitherto  employed,  the  proportion  of  coal-dust 
which  gave  the  best  results  was  much  larger  than 
might  at  first  sight  be  thought  necessary,  namely, 
about  one  ounce  of  dust  to  a cubic  foot  of  air  for  all 
mixtures  of  gas  and  air  ranging  between  one  of  gas 
and  forty  of  air.  Also,  in  one  of  the  experiments 
with  the  return  air  of  a mine,  the  air  requires  to  be 
literally  black  with  dust  before  it  will  ignite.  It  is 
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therefore  obvious  that  the  particles  which  are  float- 
ing about  in  the  air  of  a dry  mine,  in  its  normal 
state,  cannot  render  it  inflammable;  and  it  is  pro- 
bable that  only  the  sweeping  action  of  a gust  of  wind 
like  a squall,  passing  along  the  galleries,  can  raise  a 
sufficient  quantity  to  do  so.’ 

c Some  of  the  colliery  explosions  which  have  oc- 
curred during  the  last  two  years  are  amongst  the 
most  disastrous  on  record,  and  the  attempts  that 
have  been  made  to  explain  them  are  of  the  usual  un- 
satisfactory character.  The  assumption,  without  a 
vestige  of  proof,  that  fire-damp  has  suddenly  burst 
from  the  strata,  is  still  maintained  even  in  cases  in 
which  the  flame  is  seen  to  have  ramified  into  the 
extremity  of  every  cul-de-sac  and  extended  to  the  op- 
posite boundaries  of  the  workings.  The  very  token 
whereby  the  ubiquity  of  the  flame  is  made  manifest 
is  the  so-called  charring  of  the  timber,  coal,  and  rub- 
bish ; and  this,  generally  in  the  case  of  the  timber, 
and  always  in  the  case  of  the  coal  and  rubbish,  con- 
sists of  a coating  of  a coked  coal-dust  adherent  to 
them  superficially,  and  testifying  unmistakably  by 
its  presence  that  coal-dust  has  actually  been  playing 
the  part  which  is  claimed  for  it  by  myself  and 
others.’ 

‘ When  smoke  and  soot  are  produced  ; or  dust  is 
ejected  from  the  shafts  ; or  the  coal,  stone,  and  timber 
have  a charred  appearance,  due  to  a deposit  of  coked 
coal-dust  on  their  surface ; or,  lastly,  when  a large 
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superficies  of  the  sides  of  the  galleries  is  found  to 
be  on  fire  immediately  after  the  event,  we  may  safely 
conclude  that  coal-dust  has  played  an  important,  if 
not  a predominant,  part  in  the  explosion.  The  man- 
ner in  which  coal-dust  operates  in  setting  fire  to  coal 
and  timber  is  probably  as  follows  : — The  air  is  travel- 
ling rapidly  in  one  direction  along  a gallery,  throwing 
a continuous  shower  of  dust,  small  pieces  of  coal,  and 
against  all  surfaces  that  deflect  it  or  obstruct  its 
course ; at  the  instant  the  flame  traverses  it,  how- 
ever, the  coal-dust  is  melted,  it  then  assumes  the 
properties  of  flaming  pitch,  adheres  to  the  surfaces 
against  which  it  is  thrown,  and  rapidly  accumulates 
until  it  forms  a crust  of  greater  or  less  thickness,  ac- 
cording to  the  length  of  time  the  air  continues  to 
travel  in  the  same  direction.  If  it  is  thick  enough 
to  retain  its  high  temperature,  and  is  supplied  with 
fresh  air  immediately,  it  continues  to  burn,  and  the 
flame  soon  communicates  itself  to  the  body  of  the 
coal  or  timber  ; but  if  it  is  thin,  or  if  the  surround- 
ing atmosphere  cannot  support  combustion,  it  be- 
comes extinguished.  In  the  second  case,  the  surface 
covered  with  the  crust  or  layer  of  coke  is  vulgarly 
said  to  be  charred .’ 

4 The  dangers  due  to  the  presence  of  coal-dust  in 
dry  mines  can  be  very  easily  avoided  by  sprinkling 
water  plentifully  on  the  principal  roadways  along 
which  the  air  currents  pass,  in  going  to  and  coming 
from  the  working  places.  For  example,  Llwynypia 
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Colliery,  wliicli  was  formerly  one  of  the  driest  and 
most  dusty  mines  in  the  South  Wales  basin,  is  now 
kept  constantly  damp,  or  wet,  in  this  way  with  a daily 
expenditure  of  about  1,800  gallons  of  water.  The 
amount  of  air  passing  through  it  at  present  is  over 
80,000  cubic  feet  per  minute,  and  its  output  of  coal 
is,  on  the  average,  about  800  tons  per  day.’ 

The  above  extract  from  the  paper  will  enable  the 
reader  to  estimate  the  necessity  of  keeping  the  ways 
damp. 


CHAPTER  IX. 

BLOWERS  OP  GAS. 

There  are  many  seams  of  coal  that  do  not  emit  car- 
buretted  hydrogen  steadily  in  a regular  flow,  but  in 
outbursts.  It  has  been  generally  admitted  that 
atmospheric  pressure  is  directly  concerned  in  such 
‘ blowers,’  as  they  are  technically  called,  but  some 
eminent  mining  authorities  maintain  that  a low 
reading  of  the  barometer  does  not  necessarily  induce 
a blower  of  gas.  I think  that  when  we  consider  that 
atmospheric  pressure  is  generally  represented  by  a 
pressure  of  15  lbs.  per  square  inch  with  ordinary 
barometrical  readings,  and  since  we  find  blowers  of 
gas  exuding  from  a seam  with  a greater  pressure  than 
15  lbs.  per  square  inch,  we  may  readily  assume  that 
although  atmospheric  pressure  is  directly  concerned 
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in  partially  determining  the  amount  of  gas  exuding 
slowly  from  the  face  of  the  coal,  yet  we  must  not 
imagine  that  because  the  barometer  is  high  we  are 
safe  from  a blower  of  gas.  There  are  three  ways  in 
which  a blower  may  be  formed.  The  first  is  a 
sudden  rise  of  temperature  expanding  a body  of  gas 
confined  within  the  seam ; this  cause  generally 
brings  about  a feeder,  or  thin  stream  of  gas  exuding 
from  the  seam  at  a low  pressure.  The  second  cause 
we  may  assume  to  be  due  to  heavy  falls  or  subsi- 
dences of  the  accompanying  strata,  both  above  and 
below  the  seam  in  which  the  blower  makes  its 
appearance.  The  third  cause  maybe  ascribed  to  the 
displacing  action  of  large  bodies  of  water  entering 
cavities  filled  with  gas.  In  these  latter  cases  the 
pressure  will  be  directly  as  the  weight  of  a column  of 
water  of  the  height,  from  roof  to  floor,  of  the  cavity 
filled,  unless  the  water  is  from  another  seam  above, 
and  will  be  exerted  equally  in  all  directions. 

Newly  opened  seams  are  always  more  or  less 
liable  to  small  blowers ; in  fact,  in  many  sinking 
operations,  one  of  the  first  indications  of  the  exist- 
ence of  the  coal  measures  is  found  in  bubbles  of 
carburetted  hydrogen  ascending  through  the  water 
in  the  shaft ; and  when  such  indications  present 
themselves  a centrifugal  fan  must  be  placed  at  the 
top  of  the  shaft,  and  the  air  conveyed  in  canvas  pipes 
to  the  bottom  of  the  shaft  to  dilute  the  gas,  and  all 
naked  lights  prohibited. 
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A fault,  especially  a down-throw,  is  a very  likely 
place  to  expect  a blower ; and  when  approaching  a 
fault,  bore-holes  should  be  drilled  10  feet  in  advance 
of  the  work. 

In  dealing  with  a blower  of  large  dimensions  the 
following  must  be  borne  in  mind : — It  is  absolutely 
essential  that  the  volume,  or  quantity  in  cubic  feet 
per  minute,  of  the  air  split  allotted  to  the  particular 
district  in  which  the  blower  exists  should  be  so 
materially  increased  as  to  permit  of  the  prompt 
dilution  of  the  gas  given  off,  and  that  when  possible 
the  product  or  combination  of  air  and  fire-damp 
should  not  be  allowed  to  circulate  in  the  mine,  but 
should  be  conveyed  in  pipes  directly  up  the  upcast 
shaft.  The  gas  should  be  encouraged  by  artificial 
means  to  exude  ; of  these  the  simplest  is  obtained 
by  driving  pipes  into  the  face  or  fault.  The  quantity 
of  gas  delivered  by  the  blower  per  minute  must  be 
calculated,  and  the  diluting  capacity  orquantity  of 
air  per  minute  yielded  by  the  air  split  must  be  pro- 
portioned, as  denoted  in  the  chapter  on  chemical 
interference  with  the  main  air  current,  to  dilute  the 
gas.  In  that  chapter  we  showed  that  15  cubic  feet 
of  air  will  render  1 cubic  foot  of  gas  not  explosive, 
that  for  further  precautions  the  15  cubic  feet  of  air 
absolutely  necessary  should  be  increased  to  100  cubic 
feet ; then  for  every  cubic  foot  of  gas  yielded  of  the 
blower,  100  cubic  feet  of  air  will  be  required  over 
and  above  that  afforded,  under  the  ordinary  circum- 
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stances,  by  the  air-way.  The  air  doors  and  regu- 
lators governing  the  splits  must  therefore  be  so 
arranged  as  to  ensure  that  amount  of  air  being 
admitted.  In  no  case  must  any  but  self-extinguish- 
ing lamps  be  used  in  the  vicinity  of  the  blower,  when, 
the  precaution  we  have  stated  having  been  duly 
taken,  the  blower  is  reduced  to  a harmless  evolution 
of  gas,  and  may  be  allowed  to  continue  as  a means 
of  draining  the  seam.  Cavities  filled  with  gas  are 
the  most  dangerous  enemy  of  the  engineer;  their 
existence  cannot  be  foreseen,  and  their  presence  is 
too  often  demonstrated  by  a violent  explosion  after 
a shot  has  been  fired.  The  accompanying  plate 
shows  how  easily  one  of  these  cavities  may  be  fired, 
but  it  must  be  borne  in  mind  that  pure  gas  will  not 
become  ignited  except  when  its  combustion  is  main- 
tained by  the  flame  being  surrounded  with  fresh  air ; 
were  it  not  so,  on  lighting  the  gas  in  an  ordinary 
dwelling-house,  the  flame  would  travel  back  along 
the  gas  main  till  it  communicated  with  the  gas 
meter,  which  would  explode,  or  rather  become 
ignited. 

The  following  woodcut  will  explain  the  necessity 
of  putting  in  bore-holes  when  approaching  a fault 
in  driving  headings  with  gunpowder.  The  shot-hole 
S has  a fissure  A B communicating  with  a body  of 
gas  enclosed  in  the  cavity  F F,  caused  by  the  down- 
throw shown  by  the  arrow  on  the  other  side  of  the 
cavity.  On  firing  the  shot  S , the  gas  in  the  cavity 
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explodes.  If  the  fissure  A B contained  only  pure 
o-as  the  flame  would  become  extinguished  for  want 


of  pure  oxygen  to  maintain  the  combustion  of  the 
gas,  and  no  explosion  wonld  follow,  but  a quantity 
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of  gas  would  nevertheless  be  liberated  on  the  coal 
coining  down. 

Large  quantities  of  water  in  the  sump  or  drainage 
of  the  mine  should  be  avoided,  as  the  pressure  of  the 
water  due  to  its  height  in  the  sump  hole  is  exerted 
equally  in  all  divections , following  a well-known  law 
in  hydrostatics  : this  pressure  is  injurious  under  the 


Table  of  Gas  Pressures  from  Blowers. 


Place 

Depth  in  yards 
of  seam  from 
surface 

Depth  of  bore- 
hole into  ace 
of  coal 

Pressure  in  lbs. 
per  sq.  inch 

Harris  Navigation 
Colliery,  Aberdare  4ft. 
Seam  .... 

700 

ft. 

30 

in. 

0 

143 

Do. 

700 

26 

9 

116 

Merthyr  Vale  Col- 
liery, Aberdare  4ft. 
Seam  .... 

450 

41 

0 

170 

Do. 

450 

49 

9 

280 

Cannock  and  Ruge- 
ley  Collieries,  No.  1 
Plant  (Shallow  Seam) 

327 

21 

0 

36 

Do. 

327 

80 

0 

18 

following  circumstances.  Suppose  a feeder  of  gas 
is  blowing  in  the  sump ; the  pressure  due  to  the 
water  column  in  the  sump  is  exerted  on  this  feeder, 
which  in  its  turn  transmits  the  pressure  elsewhere, 
by  which  means  gas  may  blow  off  in  other  parts  of 
the  mine. 

Another  important  feature  is  the  pressure  of  the 
blower  of  gas. 
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Tlie  table  on  p.  110  gives  the  results  obtained  at 
three  different  collieries  ; greater  pressures  have  been 
obtained  elsewhere.  It  shows  to  a certain  extent 
the  necessity  of  avoiding  £ squeeze/  or  creeping,  if 
possible,  in  fiery  mines. 

The  question  presents  itself,  when  viewing  these 
results,  whether  it  is  possible  that  the  gas  may  exist 
within  the  seam  in  a liquefied  state,  through  pressure. 
Certain  gases  have  been  liquefied  under  extreme 
pressures,  and  it  is  very  difficult  to  account  for  the 
sudden  filling  of  the  mine  with  gas  in  so  short  a 
time.  In  the  9 feet  6 inches  shallow  seam  at  Cannock 
and  Rugeley  collieries  the  coal  is  very  porous,  which 
decreases  the  pressures  that  would  otherwise  be 
obtained,  were  the  coal  of  a harder  or  more  compact 
nature.  It  is  here  that  we  should  recognise  the 
danger  of  using  non-extinguishing  safety-lamps, 
such  as  Davy’s  or  Clanny’s.  It  is  no  use  for  competent 
engineers  to  keep  pointing  this  out.  So  long  as 
these  lamps  are  in  use,  so  long  will  there  be  not  only 
explosions,  but  a false  sense  of  security,  which 
invites  men  to  try  their  lamps  at  a blower.  We 
consider  it  the  duty  of  the  Government  to  put  a 
stop  to  the  use  of  non-extinguishing  lamps  in  fiery 
mines,  and  that  in  not  doing  so  they  have  not  only 
neglected  their  duty  but  reduced  the  Government 
inspection  of  mines  to  a very  inconsistent  state, 
bordering  on  a waste  of  time  and  public  money. 
Careful  engineers  will  not  use  these  lamps,  but  at 
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the  present  time  there  are  some  12,000  in  use  in 
South  Wales. 

That  a point  in  depth  from  the  surface  existed  at 
which  blowers  of  gas  ceased,  has  been  a theory  held 
by  many  mining  authorities.  When  divested  of  the 
superstition  arising  from  hearsay  that  is  so  common 
in  mining  districts,  the  question  appears  to  us  to 
stand  thus.  If  such  a neutral  zone  does  exist,  then 
the  deep  seams  either  do  not  yield  carburetted 
hydrogen,  owing  to  the  nature  of  their  geological 
formation,  or,  on  the  other  hand,  if  they  do  contain 
the  excess  of  carburetted  hydrogen  that  we  find  in 
fiery  mines,  such  excess  of  gas  is  either  pent  up  in 
the  coal  by  the  excess  of  pressure,  or  blows  off  in 
the  shallow  seams.  How,  on  comparing  these  state- 
ments with  what  we  know  to  exist  in  English  coal- 
fields, we  find  that,  in  the  first  place,  it  is  the  nature 
of  the  seam,  and  not  its  depth  from  the  surface,  that 
regulates  the  per-centage  of  free  carburetted  hydro- 
gen. Thus  the  Aberdare  4-foot  seam  may  be  fairly 
considered  a fiery  seam,  liable  to  sudden  outbursts 
of  gas.  Referring  to  our  table,  we  find  that  at  a 
depth  of  700  yards  we  get  143  lbs.  and  116  lbs.  per 
square  inch  pressure  from  gas.  At  450  yards  deep 
we  find  at  another  colliery  in  the  same  seam  a 
greater  pressure,  viz.,  170  lbs.  and  280  lbs.  per 
square  inch.  In  the  Cannock  Chase  district  9 ft. 
6 in.  shallow  coal  we  find  a pressure  of  18  to 
36  lbs.  per  square  inch  at  a depth  of  only  327  yards. 
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This  seam  yields  a little  gas,  but  is  not  a fiery  seam. 
Here  we  see  that  some  deep  seams  do  yield  fire-damp 
in  considerable  quantities.  Now  we  have  observed 
that  these  deep  seams,  such  as  the  Aberdare  4-foot, 
the  Arley  mine,  the  Black  Vein,  and  many  others, 
lying  at  a depth  below  the  zone  that  is  given  as  the 
point  below  which  gas  is  not  usually  met  with,  when 
they  do  give  off  gas,  give  it  off  as  a violent  blower 
or  outburst.  It  follows  a heavy  fall  of  roof  or  a 
violent  creep  or  squeeze,  and  issues  with  a force  that 
renders  the  agency  of  atmospheric  pressure  out  of 
the  question.  On  the  other  hand,  the  shallow 
seams  yield  fire-damp  in  a steady  flow ; the  gas  will 
be  heard  singing  in  the  working  faces  of  the  coal. 
If  the  ear  is  placed  close  to  the  face  and  the  seam  is 
a wet  one  a slight  effervescence  will  be  heard,  that  is 
the  sound  produced  by  the  bursting  of  the  bubbles 
of  hydrogen.  These  bubbles  are  formed  by  the 
presence  of  a thin  layer  or  film  of  water  covering  the 
mouths  of  the  pores  of  the  coal,  and  they  help  us  to 
realise  in  what  form  gas  lies  dormant  in  the  coal. 
Violent  outbursts  in  shallow  seams  are  not  often 
met  with  that  cannot  be  traced  to  falls  or  squeezes 
brought  about  by  winning  the  coal  faster  than  the 
elasticity  of  the  roof  will  allow  it  to  settle.  Let  us 
imagine  a colliery  with  three  seams  worked.  A 
blower  appears  in  the  dip  workings  of  the  lowest 
seam  with  a creep  or  squeeze.  The  two  upper  seams 
are  free  of  gas,  and  the  roofs  and  floors  at  rest ; I 
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Lave  seen  tliis  several  times.  The  facts  before  us 
would  lead  one  to  look  to  disturbance,  either  chemi- 
cal or  mechanical,  below  the  deep  seam,  to  be  the 
cause  of  the  blower.  I believe  in  the  case  of  some 
recent  explosions,  both  here  and  in  Belgium,  the 
disengagement  of  the  gas  was  practically  instan- 
taneous ; the  mine  was  full  of  gas  before  any  one 
was  aware  he  had  danger  to  fear.  The  presence 
of  gas  in  a liquid  form  does  not  appear  to  be  very 
probable;  oxygen  liquefies  at  a pressure  of  300 
atmospheres,  hydrogen  at  280,  and  nitrogen  at 
200  atmospheric  pressures.  Mechanical  disturbance 
taking  place  below  the  deep  seams  does  not  appear 
reasonable  enough  to  warrant  a consideration  of  the 
probable  modus  operandi.  A chemical  reaction  may 
take  place  by  which  a large  quantity  of  carburetted 
hydrogen  may  be  suddenly  evolved.  (We  have  a 
parallel  case  with  pouring  hydrochloric  acid  upon 
lime,  only  the  gas  evolved  is  carbonic  acid  gas.) 
Such  chemical  reaction  I do  not  believe  is  possible, 
as  if  at  a depth  where  chemical  action  may  be 
supposed  to  be  going  on  in  the  earth’s  crust,  I think 
the  depth  would  be  too  great  for  the  gas  to  blow 
into  our  mines,  and  possibly  the  gas  would  become 
ignited. 

Possibly  mechanical  disturbance,  in  the  form  of 
creep  or  squeeze  in  the  strata  immediately  below 
the  deep  seams,  is  due  to  the  same  cause  that  pro- 
duces earthquakes.  These  points  could  be  more 
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clearly  explained  if  a bore-hole  were  inserted,  say 
for  1,000  yards  below  tbe  deep  seam  in  eacli  district, 
and  proper  gauges  and  instruments  attached  thereto 
to  enable  the  observer  to  note  the  evolution  of  the 
gas ; the  seismograph,  or  apparatus  to  detect  vibra- 
tion on  the  earth’s  surface,  would  have  to  be  replaced 
by  a modified  microphone  and  telephone  to  be  lowered 
to  the  bottom  of  the  bore-hole.  I believe  this  to  be 
the  only  way  in  which  the  cause  of  these  violent 
outbursts  of  gas  could  be  satisfactorily  ascertained. 
Until  some  such  experiments  have  been  conducted, 
mining  engineers  must  view  the  secondary  feature 
of  the  case,  viz.,  that  gas  cannot  explode  of  itself, 
and  that  the  artificial  light  used  in  mines  shall  be  of 
such  a nature  that  the  ignition  of  the  gas  cannot  be 
effected  purposely  or  accidentally  ; further,  that  pure 
gas  will  not  explode,  but  merely  ignite  and  burn 
quietly  away  without  detonation  ; that  gas  which  is 
insufficiently  diluted  with  air  will  detonate  violently  ; 
and  lastly,  that  gas  which  has  an  undue  proportion 
of  air  will  neither  ignite  nor  explode.  Good  ventila- 
tion and  self-extinguishing  lamps  will  prevent  this 
secondary  dangerous  property.  Considerable  assist- 
ance is  expected  to  be  derived  in  the  safe  working  of 
fiery  mines  from  the  electric  light.  It  remains  to  be 
proved  whether  the  accidental  contact  of  line  and 
return  wires,  or  the  sudden  fracture  of  a line  or 
return  wire  when  the  circuit  is  complete,  causing  a 
spark  of  very  high  temperature  to  take  place  at  the 
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point  of  contact  in  tlie  first  instance,  and  at  the 
point  of  fracture  in  the  second,  will  not  cause  greater 
risk  than  the  use  of  properly  locked  self-extinguish- 
ing lamps  in  the  hands  of  proper  men.  Under  these 
latter  conditions  I maintain  that  any  coal  mine  is 
safe  from  explosion ; and  the  engineer  must  endeavour 
to  approach  these  conditions  as  nearly  as  possible, 
and  combine  them  with  a good  aud  efficient  means 
of  ventilation  on  the  basis  of  the  laws  given  in  the 
earlier  chapters  of  this  book.  Under  the  circum- 
stances of  no  Government  aid  to  defray  the  cost  of 
such  experiments  as  I suggest,  and  the  colliery 
owners  not  doing  it  themselves,  mining  engineers 
are  warranted  in  hazarding  opinions  which  are 
unsupported ; as  such  they  can  do  no  harm,  if  those 
that  advance  them  state  that  they  are  surmises. 

The  next  point  we  have  to  examine  in  connection 
with  blowers  of  gas  is  the  atmospheric  disturbance 
that  is  said  to  herald  their  approach.  Most  con- 
flicting is  the  evidence  on  this  point.  We  have  a 
Government  inspector  of  mines,  who  has  kept  a record 
of  explosions  and  barometer  readings  for  many  years, 
giving  it  as  his  opinion  that  the  results  of  these 
records  do  not  justify  him  in  stating  that  there  is 
any  relation  between  the  two.  We  have  the  opinion 
of  many  eminent  mining  engineers  that  there  is  a 
distinct  point  in  the  reading  afforded  by  the  baro- 
meter, at  which  point  safety  ends  and  danger 
commences.  The  majority  fix  this  point  at  29*70. 
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In  tlie  face  of  this  we  have  had  the  most  disastrous 
colliery  explosions  with  a high  barometer  reading.  In 
the  first  place,  from  our  own  observation,  we  should 
say  that  in  a great  number  of  instances,  but  not 
the  majority,  considerable  atmospheric,  and  occasion- 
ally deep  disturbance  does  take  place,  at  or  just 
prior  to  the  time  of  a violent  outburst  of  gas ; we 
have  noticed  that  heavy  rainfall  preceded  by  excessive 
drought  has  been  followed  by  outbursts  of  gas.  We 
altogether  deny  the  possibility  of  a pit  firing  through 
the  discharge  of  lightning  down  the  guides  of  the 
downcast  shaft,  and  that  the  ascending  air  in  the 
upcast  shaft  should  be  so  highly  charged  with  gas 
as  to  ignite  from  an  electrical  discharge  we  do  not 
consider  either  probable  or  possible  in  a properly 
ventilated  colliery.  We  are  aware  that  in  latitudes 
where  earthquake  is  prevalent  the  same  meteoro- 
logical disturbances  are  observed  as  forming  part  of 
the  phenomena  which  are  accompanied  by  the  earth- 
quake. A sudden  fall  of  the  barometer  does  not 
always  forewarn  the  approach  of  earthquake,  but 
when  accompanied  by  heavy  fog,  absence  of  wind, 
or  cyclonic  currents  of  short  duration  taking  the 
place  of  the  normal  direction  of  the  wind,  and  violent 
and  sudden  reversals  of  the  electrical  polarity  of  the 
earth,  we  frequently  find  earthquake  follows.  Now 
many  old  and  experienced  miners  have  testified  to 
the  ‘ thickness  ’ of  the  air  in  a colliery  just  prior 
to  explosion.  The  writer  has  taken  the  electrical 
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polarity  of  tlie  eartli  in  a mine,  and  frequently  found 
violent  reversals  before  the  barometer  has  fallen. 
It  should  be  noticed  that  the  connection  between 
explosion  and  depression  of  the  barometer  is  not 
worth  taking  into  account  unless  it  extends  over  at 
least  100  years,  as  powder,  naked  lights,  breaches  of 
special  rules,  &c.,  are  very  powerful  factors  in  the 
question,  and  do  not  occur  either  in  connection  with 
the  reading  of  the  barometer  or  at  regular  intervals. 

A high  reading  of  the  barometer  equally  shows 
atmospheric  disturbance  if  the  rise  is  sudden  and 
irregular,  and  accompanied  by  a change  of  wind,  and 
£ wind  galls 5 making  their  appearance  in  the  wind’s 
£ eye.’ 

The  line  of  a fault  is  the  usual  place  for  a blower  to 
make  its  appearance.  Some  of  the  most  experienced 
men  who  have  been  in  latitudes  where  terrestrial 
disturbance,  such  as  earthquakes,  tidal  waves,  and 
volcanic  eruption,  takes  place,  state  that  the  line  of 
vibration  in  such  cases  is  generally  along  a geological 
fault,  and  at  such  a point  the  effect  is  usually  most 
severe.  The  concussion  of  a colliery  explosion  under- 
ground is  greater  than  persons  unacquainted  with 
mining  operations  can  at  first  realise,  but  no  greater 
than  the  calculated  effect  of  the  expansion  of  the 
detonating  mixture  of  gases  should  be ; but  in  my 
experience  I have  never  seen  in  examining  a colliery 
after  explosion  anything  sufficiently  disturbed  under- 
ground to  admit  of  the  theory  of  earthquake  being 
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the  immediate  cause ; jet  the  violent  disengagement 
of  the  fire-damp  that  does  occur  at  times,  without 
explosion,  without  either  falls,  creep,  or  squeeze,  and 
with  a steady  barometer,  leads  me  to  believe  that  we 
must  consider  the  possibility  of  terrestrial  disturb- 
ance, whether  volcanic,  electrical,  or  chemical,  as  a 
cause  of  colliery  explosions,  before  we  lay  the  blame 
of  every  explosion  on  the  shoulders  of  our  mining 
managers  and  colliers  in  this  country.  This  we 
do  know,  that  violent  fluctuations  in  atmospheric 
pressure  show  disturbance ; that  terrestrial  disturb- 
ance is  accompanied  by  such  fluctuations  in  con- 
junction with  violent  reversals  of  electrical  polarity, 
and  that  it  takes  the  line  of  faults  in  the  earth’s 
crust ; we  also  find  gas  more  apt  to  blow  from 
faults  in  a colliery,  consequently  the  duty  of  the 
manager  and  fire  triers  will  be  to  watch  these 
faults  during  such  disturbances  as  we  have  above 
mentioned.  Whilst  considering  the  subject  of  the 
sudden  disengagement  of  gas  in  coal  mines,  it  might 
not  be  out  of  place  to  remark  that  in  the  opinion 
of  some  American  mining  engineers,  with  whom 
the  writer  has  been  in  communication  on  the  sub- 
ject, the  gas  is  pent  up  by  the  following  causes. 
When  the  coal-field  was  deposited  geologically  the 
expansion  of  the  gas  in  the  coal,  with  a certain 
outburst  of  spontaneous  decomposition  due  to  the 
heat,  caused  the  gas  to  exude  in  large  quantities 
from  the  coal,  the  subsequent  cooling  and  subsidence 
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of  tlie  bed  of  coal  and  its  overlying  strata  causing 
the  gas  to  be  pent  up  in  a compressed  state.  Any 
interference  with  the  continuity  of  such  a seam 
would  cause  the  gas  to  discharge  at  the  point  of 
fracture,  as  in  the  case  of  a fault  or  a violent  fall  at 
the  working  face  of  the  seam. 

In  our  opinion  it  is  idle  to  speculate  on  the 
causes  of  blowers  of  gas  whilst  powder  and  non- 
extinguishing lamps  are  used  in  coal  mines  together ; 
no  matter  what  the  cause,  if  we  have  these  two 
sources  of  explosions  in  use  underground,  we  are 
not  prepared  to  meet  blowers.  We  urge  the  total 
abolition  of  these  two  causes  of  explosion,  and  we 
strongly  advise  managers  to  study  to  avoid  unneces- 
sary squeeze  or  creep  whenever  possible  in  laying 
out  their  workings.  We  are  convinced  that  neglect 
of  this  is  the  cause  of  many  of  the  complaints  of 
non-fiery  mines  becoming  suddenly  filled  with  gas. 
The  following  formula  will  enable  the  reader  to 
calculate  how  much  gas  will  be  given  off  from  a goaf 
for  a known  decrease  in  atmospheric  pressure. 

Let  Q = quantity  of  gas  in  the  goaf,  which  is  pent 
up.  B = the  reading  of  the  barometer  before  its  falls. 
I)  = the  total  fall  of  the  mercury  in  the  barometer. 
6r  = the  amount  of  gas  that  will  be  given  off. 


Then — 


p _ QD 


Thus,  how  much  gas  G will  come  off  a goaf  20 
ft.  x 10  ft.  during  a fall  of  the  barometer  from 
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Cannock  and  Rugeley  Collieries. 
Experiment  I. 


Date 

Time 

Pressure  of 
gas  per 
square  inch 

Barometer 

Thermometer 

February  19,  1881 

9 A.M. 

lbs. 

27i 

30-60 

0 

46 

yy 

1 P.M. 

28| 

30-60 

46 

yy 

yy 

3 

29| 

30-65 

46 

>* 

21 

9 

28i 

30-70 

42 

yy 

11 

281 

30-75 

42 

yy 

yy 

3 

28 

30-70 

42 

yy 

22 

8.30  „ 

28 

30-75 

61 

5? 

yy 

12 

27i 

30-75 

62 

yy 

yy 

3.30  „ 

m 

30-70 

61 

» 

23 

8.30  „ 

274 

30-70 

61 

yy 

yy 

12 

28 

30-70 

61 

yy 

yy 

3.30  „ 

28 

30-70 

62 

yy 

21 

8.30  „ 

284 

30-80 

61 

yy 

yy 

12 

29 

30-80 

61 

yy 

yy 

3.30  „ 

29 

30-80 

61 

yy 

25 

8.30  „ 

28 

30-70 

62 

yy 

yy 

12 

284 

30-65 

61 

yy 

yy 

3.30  „ 

2 74 

30-55 

62 

yy 

26 

8.30  „ 

284 

30-30 

61 

yy 

yy 

12 

274 

30-25 

61 

yy 

yy 

3.30  „ 

28 

30-20 

62 

yy 

28 

8.30  „ 

274 

30-30 

61 

yy 

yy 

12 

284 

30-30 

61 

yy 

yy 

3.30  „ 

274 

30-30 

61 

March 

i „ 

8.30  „ 

274 

30-50 

62 

yy 

yy 

12 

264 

30-50 

63 

yy 

yy 

4.20  „ 

28f 

30-50 

62 

yy 

2 

8.30  „ 

274 

30-55 

61 

yy 

yy 

12 

27 

30-60 

61 

yy 

yy 

3.30  „ 

26f 

30-70 

61 

yy 

3 

8.30  „ 

274 

30-55 

61 

yy 

yy 

12  „ 

26| 

30-50 

60 

yy 

yy 

3.30  „ 

27 

30-35 

60 

yy 

4 

8.30  „ 

26 

30 

60 

yy 

yy 

12 

261 

29-95 

60 

yy 

yy 

3.30  „ 

261 

29-90 

60 

yy 

6 

8.30  „ 

26 

29-80 

60 

yy 

yy 

12 

26 

29-80 

60 

yy 

yy 

3.30  „ 

261 

29-80 

60 

yy 

7 

8.30  „ 

261 

29-60 

60 
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Experiment  I.  ( continued ). 


Date 

Time 

Pressure  of 
gas  per 
square  inch 

Barometer 

Thermometer 

March 

7,  1881 

12  P.M. 

lbs. 

25f 

29-55 

o 

60 

99 

>> 

3.30  „ 

26 

29-50 

60 

„ 8 

8.30  „ 

26 1 

30 

60 

99 

12  „ 

26* 

30-05 

60 

99 

5? 

3.30  „ 

26 

3010 

60 

„ 9 

8.30  „ 

25 

30-20 

60 

99 

99 

12  „ 

25i 

30-30 

60 

3.30  „ 

25 

30-30 

60 

„ 10 

8 30  „ 

25 

30-40 

61 

99 

99 

3.30  „ 

25 

30-50 

61 

„ 11 

8.30  „ 

25 

30-50 

61 

99 

99 

12  „ 

25* 

30-50 

61 

3.30  „ 

24* 

25* 

30-50 

61 

12 

8.30  „ 

30-50 

61 

99 

99 

12  „ 

24f 

30-50 

61 

99 

3.30  „ 

24| 

30-50 

61 

8.30  „ 

24* 

30-25 

61 

12  „ 

24 

30-30 

61 

15 

8.30  „ 

24* 

30-60 

61 

99 

12  „ 

21* 

30-65 

62 

3.30  „ 

24 

30-70 

62 

16 

8.30  „ 

24 

30-80 

62 

12  „ 

24* 

3080 

62 

3.30  „ 

23* 

30-75 

63 

„ 17 

8.30  „ 

22* 

30-90 

60 

12  „ 

23 

30-90 

62 

1 „ 

22* 

30-90 

62 

18 

8.30  „ 

18* 

30-85 

62 

99 

12  „ 

19§ 

30-85 

62 

3.30  „ 

20| 

30-85 

62 

19 

8.30  „ 

19* 

30-60 

63 

12  „ 

18* 

30-60 

63 

3.30  „ 

18* 

30-55 

63 

„ 21 

8.30  „ 

16* 

30-15 

62 

12  „ 

16* 

30-15 

62 

3.30  „ 

16* 

30-20 

62 

22 

8.30  „ 

15 

30-30 

62 

12  „ 

15 

30-30 

62 

99  99 

3.30  „ 

16* 

30-30 

62 

„ 23 

8.30  „ 

14| 

30-20 

62 

55  5> 

1 2 „ 

15| 

30-15 

62 

99 

3.30  „ 

16 

29-95 

62 
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Experiment  I.  ( continued ). 


Pressure  of 

Date 

Time 

gas  per 
square  inch 

Barometer 

Thermometer 

lbs. 

March  24,  1SS1 

8.30  P.M. 

16^ 

29-80 

62 

99  99 

12 

16 

29-75 

62 

99  99 

3.30  „ 

16 

29-75 

62 

„ 25 

8 

15 

29-75 

61 

99  99 

12 

14J 

29-80 

61 

99  99 

3.30  „ 

14J 

29-85 

61 

„ 26 

8.30  „ 

15 

3015 

61 

99  >> 

12*  „ 

15 

30-15 

61 

99  99 

3.30  „ 

14i 

30-20 

61 

„ 2S 

8.30  „ 

1 3 j 

30-35 

61 

J5  >5 

12 

131 

18? 

.30-30 

61 

3.30  „ 

30-30 

61 

„ 29 

8.30  „ 

13i 

30-15 

61 

>>  99 

12 

30-15 

61 

99  99 

3.30  „ 

m 

30-25 

61 

„ 30 

8.30  „ 

13 

30-50 

61 

99  99 

12 

13r 

30-50 

61 

99  99 

3.30  „ 

13i 

30-45 

61 

„ 31 

8.30  „ 

13 

30-45 

61 

99  99 

12  „ 

13 

30-45 

61 

99  99 

3.30  „ 

13f 

30-35 

61 

30-00  inches  to  29-00  inches  or  1 inch  total  de- 
pression ? 

Here  Q will  be  the  cubic  contents  of  the  cavity, 
or  40  x 20  x 10  = 8,000  cubic  feet. 

D = 1 inch  of  mercury. 

B = 30-00 
a _ 8,000  x 1 
30-00 
G = 266f 

By  the  kindness  of  Mr.  R.  Williamson  I am 
enabled  to  insert  a series  of  observations  on  a blower 
of  gas  in  the  Cannock  Chase  district. 
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Experiment  II. 


Pressure  at  Bore-hole  in  West  Head. 


Date 

Time 

Pressure  per 
square  inch 

Barometer 

Thermometer 

lbs. 

April 

18,  1881 

10 

A.M. 

5 

3050 

51 

11 

11 

11 

11 

10 

11 

11 

12 

11 

11 

30-50 

53 

11 

11 

1 

P.M. 

12 

11 

11 

2 

11 

11 

30-50 

54 

11 

11 

9 

11 

13  • 

30-50 

50 

11 

19 

1 

A.M. 

12* 

30-50 

50 

11 

11 

5. 

20  „ 

14 

30-50 

48 

11 

11 

8 

11 

17 

30-50 

47 

11 

11 

12 

11 

14 

30-50 

47 

11 

11 

3 

P.M. 

3 

30-50 

47 

11 

11 

3. 

30  „ 

8 

30-50 

47 

11 

11 

9. 

15  „ 

16 

30-50 

46 

11 

20 

3 

A.M. 

17 

30-45 

46 

11 

19 

5. 

20  „ 

18 

30-40 

45 

JSote. — The  first  six  pressures  recorded  were  when  the  heading 
was  a main  intake  ; the  remainder  were  when  it  was  converted  into 
a head-way  driven  with  air  pipes  as  a means  of  ventilation,  hence 
the  rise  in  temperature. 


CHAPTER  X. 

ACCIDENTS. 

In  a previous  work  on  Mining  Accidents  I drew 
attention  to  and  described  several  recent  appliances 
for  the  purpose  above  mentioned.  It  is  a lamentable 
fact  that  very  few  collieries,  we  question  if  any, 
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have  proper  means  for  rescuing  men  from  choke- 
damp,  or  carbonic  oxide  gas,  which,  as  we  have 
seen,  is,  if  anything,  more  deadly  than  the  former. 
In  Chapter  IX.  of  the  book  referred  to  (‘Acci- 
dents in  Mines,’  Kegan  Paul,  Trench  & Co.,  Lon- 
don), the  result  of  an  examination  of  different 
appliances  gives  Mr.  Schwann  and  Mr.  Schultz’s 
apparatus  the  precedence  for  use  in  mines.  Both 
are  actuated  by  the  principle  of  absorbing  carbonic 
acid  evolved  from  the  lungs  and  re-oxygenation  after- 
wards, so  that,  practically,  the  air  may  be  breathed 
by  the  user  over  and  over  again.  In  Chapter  XVIII. 
of  the  same  work  the  apparatus  of  M.  Denayrouze 
is  fully  described  with  instructions.  Since  these 
appliances  were  first  brought  before  mining  authori- 
ties, M.  Fleuss’s  apparatus  has  been  invented,  and 
I consider  it  so  efficacious  that  I recommend  it  to  the 
notice  of  colliery  owners.  The  oxygen  required  for 
the  renewal  of  the  air  breathed  is  supplied  in  iron 
cylinders  containing  30  cubic  feet  at  600  lbs. 
pressure,  costing  6d.  per  foot. 

These  cylinders  may  be  kept  ready  for  use  for  an 
indefinite  time.  The  whole  apparatus  is  entirely 
self-contained,  thus  doing  away  with  the  serious 
objections  and  dangers  arising  from  the  use  of  air- 
pumps  and  conducting  pipes  and  helmets.  It  will 
enable  a man  to  breathe  comfortably  and  live  safely 
in  an  atmosphere  of  pure  carbonic  acid  gas  for  more 
than  three  hours,  and  thus  effect  what  he  would  be 
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compelled  to  abandon  instantly  if  without  it.  The 
makers  of  this  apparatus  are  Messrs.  Fleuss  & Co., 
110  Cannon  Street,  London,  E.C. 

I should  advise  one  at  least  of  these  dresses  to  be 
kept  ready  at  hand  at  collieries  for  use  in  case  of 
explosion ; and  I venture  to  suggest  a few  practical 
hints  to  engineers  as  to  the  formation  and  operation 
of  an  exploring  party  after  explosion,  to  be  studied 
beforehand  before  imminent  danger  and  necessity 
arise.  After  explosion  in  a colliery,  and  before  the 
dust  and  smoke  have  subsided,  there  is  a period  of  com- 
plete stagnation  of  the  main  air  current,  varying  from 
five  to  thirty  minutes,  according  to  the  extent  of  the 
workings  and  nature  of  the  air  splits  affected.  Im- 
mediately, at  the  first  point  of  explosion,  a field  of 
choke-damp  or  after-damp  is  formed,  as  the  product 
of  the  combustion  that  has  taken  place.  It  is  at  this 
moment  that  means  may  be  taken  with  comparative 
safety  to  rescue  those  who  may  be  left  alive  below,  for 
these  reasons  : — What  fire  may  exist  in  the  colliery 
is  then  only  commencing.  The  site  where  the  heat 
has  been  greatest  is  surrounded  by  an  atmosphere 
incapable  of  supporting  combustion.  What  fire- 
damp there  may  be  in  the  colliery  has  probably 
exploded,  and  the  stagnation  of  the  air  current 
enables  the  return  air-ways  to  be  quickly  explored 
before  the  renewal  of  the  ventilating  current  has 
had  time  to  sweep  this  foul  air  into  them.  It  is, 
therefore,  at  this  point  that  re-entry  into  the  mine 
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by  the  exploring  party  must  be  attempted.  Speed  is 
eveap  thing. 

Dip  workings  must  be  entered  from  the  rise,  as 
the  choke-damp  will  gradually  work  down  to  the 
dip  and  away  from  the  party ; but  if  it  is  on  the  rise 
in  any  quantity,  then  immediately  search  the  dip  to 
remove  any  men  before  the  choke-damp  can  come 
down  on  them.  Remember  throughout  that  the 
cause  of  the  explosion  will  have  to  be  investigated, 
therefore  bring  what  lamps  you  may  find  lying 
about  with  you  to  the  surface,  and  take  mental  note 
of  the  position  of  any  who  may  unfortunately  have 
lost  their  lives.  On  feeling  a renewal  of  the  air 
current,  I would  advise  the  withdrawal  at  all  events 
into  the  main  intake,  as  near  the  bottom  of  the  down- 
cast shaft  as  possible,  of  the  exploring  party.  At 
this  point  recollect  that  if  there  has  been  any  fire 
left  burning  in  the  returns  the  party  should  leave  the 
pit  for  at  least  twenty  minutes.  If  no  explosion 
follows,  danger  need  not  be  apprehended  from  a 
fresh  outburst  of  gas  ; but  if  heavy  falls  have  been 
encountered,  then  it  is  not  safe  to  re-enter  the  mine. 
Bear  in  mind  what  cannot  too  constantly  be  im- 
pressed upon  every  collier,  that  a very  little  fire, 
that  a few  buckets  of  water  would  extinguish  in 
the  first  ten  minutes,  endangers  the  whole  pit  and 
every  one  in  it  in  an  hour.  In  bringing  injured  men 
to  the  surface  be  careful  about  burns,  and  cover  the 
exposed  surfaces  of  the  person  with  oil  and  linen  if 
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possible.  It  is  also  desirable  to  provide  arrangements 
for  the  surgeons  to  treat  them  temporarily  at  the 
pit’s  mouth  before  removing  them  home.  Endeavour 
as  far  as  lies  in  your  power  to  separate  the  fatally 
injured  from  those  whose  recovery  is  possible,  and 
especially  stop  all  comment  by  on-lookers  as  to  the 
cause  of  the  accident  or  its  ultimate  result,  as  quiet 
and  freedom  from  excitement  or  stimulant  in  excess 
is  of  vital  importance.  The  body  has  undergone 
severe  shock,  the  collapse  of  the  nervous  system 
and  consequent  failure  of  the  heart  is  what  must  be 
guarded  against,  and  the  treatment  for  the  first  few 
hours  after  an  accident  is  of  vital  importance.  To 
carry  out  these  particulars  it  is  necessary  to  divide 
your  resources  into  three : those  that  explore  the 
workings,  those  that  take  the  injured  up,  and  those 
that  attend  to  them  when  up.  One  of  the  most  im- 
portant features  to  be  recollected  in  finding  a man 
conscious  but  relapsing  into  a semi-comatose  state  is 
to  ascertain  from  him  when  he  last  had  food,  and  to 
remind  the  surgeon  accordingly.  One-fifth  the 
stimulant  required  for  a man  after  dinner  would 
suffice  for  restorative  purposes  if  given  before. 
Whoever  is  in  command  of  the  two  underground 
parties  should  keep  up  constant  communication 
between  the  two,  so  that  a man  returning  into  the 
workings  need  not  re-enter  alone.  So  far  the 
engineer  can  try  and  mitigate  the  after  consequences 
of  explosion  to  those  who  are  injured.  Two  important 
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points  will  present  themselves,  however,  in  all  pro- 
bability, for  his  ultimate  and  occasionally  immediate 
consideration  : the  extinction  of  fire  in  the  work- 
ings, and  the  renewal  of  ventilation.  If  the  fire  is 
great,  close  the  workings  by  stoppings,  not  the  shafts. 
If  adjoining  a mine  with  separate  shafts,  entry  must 
be  effected  through  that  mine  to  the  one  that  is  on 
fire,  taking  care  to  protect  the  entrance  on  either 
side  with  stoppings  that  can  readily  be  fitted  up  if  re- 
quired. If  the  stoppings  in  the  pit  which  is  on  fire 
are  good  there  is  no  danger  in  setting  the  fan  going 
again,  by  mating  a new  drift  from  the  intake  near 
the  stoppings  into  the  return,  thus  : — 


d is  the  new  intake, 
ss  are  stoppings. 

The  area  as  shown  by  the  dots  and  dotted  line  is 
supposed  to  represent  the  portion  of  the  mine  in 
which  the  explosion  has  occurred  and  the  fire  exists. 

K 
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We  practically  construct  a new  mine  by  excluding 
that  portion  which  is  affected  and  dangerous.  It 
will  he  found  that  it  is  the  returns  that  are  the 
most  difficult  to  penetrate  after  explosion  • and  the 
longer  it  is  delayed  the  worse  it  is,  therefore  we 
recommend  their  being  examined  and  searched  first. 

In  the  event  of  its  being  necessary  to  close 
the  shaft  use  wet  sand,  not  clay,  and  concrete  over 
it. 

Circumstances  only  can  dictate  the  advisability 
or  not  of  readmitting  air  after  explosion,  and  no 
general  rule  can  be  laid  down  on  this  point.  The 
great  difficulty  that  always  presents  itself  on  entering 
a mine  is  falls  ; and  it  is  most  important  to  try  and 
ascertain  whether  they  have  occurred  before  or  after 
the  explosion,  as  if  they  occurred  before  explosion 
the  cause  may  possibly  be  found  to  be  a defective  lamp 
in  the  vicinity,  or  a Clanny  lamp  broken  by  the  fall 
itself.  As  an  instance  of  the  importance  of  examin- 
ing lamps  after  explosion,  I was  asked  to  examine 
some  lamps  after  a fatal  explosion,  in  which  the 
manager  was  killed.  Many  lamps  were  broken,  but 
one  had  a quantity  of  mud  blown  up  inside  the 
gauge  and  glass ; the  top  was  off.  On  examining 
this  lamp  the  marks  of  wiping  the  inside  of  the  top 
were  plainly  visible ; the  bottom  of  the  lamp  was 
found  close  to  the  body  of  the  person  who  owned  it. 
I have  little  doubt  that  he  was  engaged  in  wiping 
the  lamp  top  clear  after  having  dropped  it  in  the 
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mud,  having  left  the  bottom  piece  burning,  and  so 
the  gas  became  ignited. 

In  the  event  of  the  apparatus  I recommend  being 
kept  at  a colliery  ready  for  use  the  men  must  be 
drilled  to  use  it.  Of  course  the  circumstances  attend- 
ing accidents  at  a colliery  are  very  variable,  and  I 
simply  wish  in  these  few  points  to  draw  the  atten- 
tion of  those  engaged  in  collieries  to  what  features 
in  my  experience  as  a mining  engineer  are  likely  to 
be  overlooked  in  the  confusion  and  consternation 
that  must  prevail  immediately  after  an  explosion  ; 
it  is  a moment  of  the  greatest  anxiety  to  the  manager, 
and  he  will  be  better  prepared  to  do  his  duty  when 
thus  suddenly  called  upon,  if  he  studies  the  possible 
surrounding  circumstances  of  an  explosion  before  it 
occurs.  One  more  feature  must  be  recollected.  In 
despatching  messengers  it  is  most  essential  to  give 
only  written  instructions  addressed  to  those  for 
whom  they  are  meant.  Messengers  from  a colliery 
where  an  explosion  has  occurred  are  sure  to  be 
stopped  and  interrogated  by  persons,  and  thus  un- 
accountable and  serious  delays  occur.  With  the 
underground  parties,  confidence  in  their  engineer 
and  previously  concerted  action  are  imperative ; 
for  the  medical  staff,  room  and  silence,  and  for  the 
lookers  on  a good  staff  of  mining  police  to  clear 
them  off  the  ground ; but  it  is  advisable  always  to 
keep  them  informed  of  what  is  going  on,  and  thus 
prevent  them  from  spreading  false  news,  and  from 
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interviewing  those  who  have  been  severely  injured 
and  have  been  conveyed  to  their  own  homes.  The 
measure  advocated  here  keeps  them  quietly  talking 
amongst  themselves  and  out  of  the  pit  village  till 
night,  when  the  majority  generally  disperse  quietly 
to  bed. 

Precautions  against  accident  from  foul  air , and  means 
to  be  taken  after  to  restore  the  injured. 

All  underground  men  are  liable  to  he  asphyxiated 
or  c choked  off’  when  entering  abandoned  workings, 
sump-holes,  furnace  drifts,  or  more  especially  after 

explosion  or  during  gob-fire. 

\ . 

Observe  the  following  : — 

1.  Immediately  withdraw  the  persons  affected, 
and  plaee  them  in  a pure  atmosphere  out  of  the 

•\  *v 

mine. 

2.  Undress  them  and  bathe  their  bodies  with 
cold  water.- 

3.  Make  them  swallow  a little  water  slightly 
acidulated  with  vinegar. 

4.  If  this  fails  to  restore  consciousness,  ad- 
minister a clyster  of  § cold  water  and  vinegar. 

5.  If  this  fails  administer  a clyster  of  weak 
solution  of  common  table  salt,  or  if  procurable  Epsom 
salts  for  preference. 

6.  Irritate  throughout  the  lining  of  the  nostrils 
very  gently  with  a quill  feather. 

7.  Blow  air  up  one  nostril  and  close  the  other 
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with,  the  finger.  A common  pair  of  bellows  will 
answer  well. 

8.  If  these  fail  in  rotation  to  revive  the  patient, 
and  the  eyes  appear  suffused,  bloodshot,  and  the 
eyelids  swollen,  or  the  lips  are  purple  and  swollen, 
open  a vein  in  the  foot  and  withdraw  not  more  than 
a wineglass  of  blood.  Remember  to  stop  the  bleed- 
ing when  the  amount  has  been  obtained. 

9.  Failing  this  adopt  artificial  respiration.  Do 
not  suppose  that  apparent  total  inanition  with  in- 
audible action  of  the  heart  indicates  death. 

Artificial  respiration  should  be  practised  by  the 
subordinates  of  the  colliery  before  occasion  arises. 
The  Royal  Humane  Society  of  London  have  pub- 
lished a chart  with  illustrations  descriptive  of  the 
system,  and  the  colliery  should  be  properly  provided 
with  these  above  and  below  ground. 

Note. — That  restoratives,  stretchers,  burn  mixture 
(whiting  and  sweet  oil),  cotton  wool,  &c.,  should  be 
kept  in  the  pit,  as  well  as  above  ground. 

Failing  a stretcher,  take  up  a short  length  of  the 
tram  road  to  convey  the  injured  person  to  the  pit 
bottom. 

Avoid  giving  stimulants  too  freely  when  amputa- 
tion may  subsequently  be  necessary. 

Entrance  into  choke-damp  is  facilitated  by 
holding  a piece  of  cotton  waste  saturated  with  solu- 
tion of  Glauber  salts  in  front  of  the  nose  and 
mouth,  but  it  is  essential  to  oil  the  face  where 
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the  cotton  waste  will  touch  the  .skin  first,  or  the 
solution  will  burn  the  skin  of  the  lips. 


Measures  to  be  taken  in  the  event  of  an  accident  occur- 
ring in  mines , quarries,  &c.,  in  France  and  Belgium 
(' Government  rules). 

Act  11.  In  the  event  of  an  accident  occurring, 
master  miners  and  overlookers  aye  bound  to  give 
notice  of  such  accident  to  the  major,  the  engineer 
of  the  mines,  or  in  their  absence  to  the  manager. 

Act  12.  The  same  obligation  holds  good  where 
the  safety  of  the  works  below  or  buildings  on  the 
surface  is  endangered. 

Act  13.  In  every  case  the  engineer  will  proceed 
to  the  spot,  and  will  draw  up  a separate  statement 
of  the  accident,  giving  the  cause,  and  will  forward  it 
to  the  Prefect  of  the  Department. 

Act  14.  When  the  mayor  or  the  police  have  been 
informed  of  an  accident  having  taken  place,  whether 
such  information  is  derived  from  the  explorers  or 
from  the  public,  they  will  advise  the  superior 
authorities  of  such  accident,  and  will  take  such  pre- 
cautions conjointly  with  the  engineer  as  shall  stop 
all  immediate  danger  and  prevent  after  consequences. 
To  this  end  they  are  empowered  to  make  requisition 
for  horses,  men,  and  material,  and  will  issue  the 
necessary  orders,  the  execution  of  which  will  be 
carried  out  under  the  direction  of  the  engineer,  or  in 
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his  absence  the  workmen  will  be  directed  by  picked 
men  from  the  district. 

Act  15.  The  mine  owners  are  compelled  to  keep 
on  the  colliery  property,  surgical  and  medical  appli- 
ances, in  proportion  to  the  number  of  men  employed, 
the  nature  of  which  appliances  shall  be  decided  by 
the  Minister  of  the  Interior,  and  they  will  comply 
with  the  code  of  rules  drawn  up  and  approved  by  him. 

Act  16.  The  Minister  of  the  Interior,  on  the  re- 
commendation of  either  the  Prefect  or  the  Director- 
General  of  Mines,  will  decide  what  mines  (on  account 
of  the  large  number  of  men  employed,  or  by  reason 
of  special  circumstances)  are  to  keep  a resident 
surgeon,  who  may  be  attached  to  a district. 

Act  17.  Directors  of  mines  and  others  near  the 
scene  of  an  accident  will  do  all  in  their  power  to 
assist  with  men  and  material. 

Act  18.  The  cost  of  such  or  other  assistance  given 
will  be  defrayed  by  the  owners  of  the  mine  where  the 
accident  happens. 

The  sum  of  these  rules  is  in  our  opinion  calcu- 
lated to  cause  delay  by  those  who  are  in  a responsible 
position  endeavouring  to  comply  with  them,  instead 
of  setting  to  work  to  rescue  the  men  and  repair  the 
damage. 

Such  stress  is  laid  by  some  mining  authorities  on 
the  observation  of  the  weather,  that  we  give  a 
summary  here  of  the  laws  affecting  changes  of 
pressure  in  the  atmosphere. 
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CHAPTER  XI. 

METEOROLOGICAL  PHENOMENA  AFFECTING  COLLIERIES. 

The  humidity  of  the  air  has  a direct  effect  upon  the 
presence  of  coal-dust  in  collieries.  Professor  Abel, 
in  his  experiments  on  samples  of  dust  taken  from 
Seaham  Colliery  in  1881,  confirms  Mr.  Galloway’s 
experiments,  and  states  that  even  calcined  magnesia 
will  deflagrate  when  in  suspension  in  air.  It  is 
advisable  therefore  to  use  an  hygrometer  in  dusty 
mines.  The  wet  bulb  thermometer  is  the  best  form 
of  the  apparatus.  Messrs.  Apps  make  a special  port- 
able form  for  mines.  The  evaporation  of  water  in 
the  cup  and  over  the  bulb  produces  cold.  This 
thermometer,  therefore,  will  register  lower  than  the 
average  temperature  of  the  mine  recorded  by  the  dry 
bulb  thermometer;  the  difference  between  the  two 
readings  represents  the  power  the  air  possesses  of 
evaporating  water.  This  power  will  vary  in  accord- 
ance with  the  degree  of  humidity,  or  amount  of 
water  in  suspension  in  the  air,  therefore  the  evapora- 
tive power  thus  indirectly  becomes  a means  of 
measuring  the  humidity  of  the  air  in  the  mine. 

By  multiplying  the  excess  of  the  dry  bulb  over 
the  wet  bulb  thermometer  by  the  factor,  the  excess 
of  the  temperature  of  the  air  above  that  of  the  dew 
point  will  be  ascertained.  For  convenience’  sake  the 
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following  table  is  inserted.  D is  the  reading  of  the 
dry  bulb  thermometer. 


D 

Factor 

D 

Factor 

D 

Factor 

O 

10 

8-78 

O 

40 

2-29 

O 

70 

1-77 

11 

8-78 

41 

2-26 

71 

1-76 

12 

8-78 

42 

2-23 

72 

1-75 

13 

8-77 

43 

2-20 

73 

1-74 

14 

8-76 

44 

2-18 

74 

1-73 

15 

8-75 

45 

2-16 

75 

1-72 

16 

8-70 

46 

2-14 

76 

1-71 

17 

8-62 

47 

2-12 

77 

1-70 

18 

8-50 

48 

2-10 

78 

1-69 

19 

8-34 

49 

2-08 

79 

1-69 

20 

8-14 

50 

2-06 

80 

1-68 

21 

7-88 

51 

2-04 

81 

1-68 

• 22 

7-60 

52 

2-02 

82 

1-67 

23 

7-28 

53 

2-00 

83 

1-67 

24 

6-92 

54 

1-98 

84 

1-66 

25 

653 

55 

1-96 

85 

1-65 

26 

6-08 

56 

1-94 

86 

1-65 

27 

5-61 

57 

1-92 

87 

1-64 

28 

512 

58 

1-90 

88 

1-64 

29 

4-63 

59 

1-89 

89 

1-63 

30 

4-15 

60 

1-88 

90 

1-63 

31 

3-70 

61 

1-87 

91 

1-62 

32 

332 

62 

1-86 

92 

1-62 

33 

3-01 

63 

1-85 

93 

1-61 

34 

2-77 

64 

1-83 

94 

1-60 

35 

2-60 

65 

1-82 

95 

1-60 

36 

2-50 

66 

1-81 

96 

1-59 

37 

2-42 

67 

1-80 

97 

1-59 

38 

2-36 

68 

1-79 

98 

1-58 

39 

2-32 

69 

1-78 

99 

1-58 

Cyclonic  action  of  the  wind  is  a great  source  of 
disturbance  to  the  barometer.  The  cause  of  gyratory 
or  cyclonic  winds  may  be  thus  explained.  The 
general  contour  of  land  offers,  by  its  valleys  and 
mountains,  considerable  opposing  and  deviating 
obstacles  to  the  ordinary  circular  motion  of  a storm. 
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On  the  sea  such  obstacles  do  not  exist,  hence  the 
prevalence  of  such  storms  at  certain  seasons  of  the 
year,  as  the  motion  of  cyclones  is  twofold.  One,  the 
gyratory  motion  around  its  centre  : north  of  the 
equator  this  gyratory  motion  is  from  right  to  left, 
whilst  south  of  the  equator  the  motion  is  reversed, 
or  from  left  to  right.  The  other  motion  is  that  of 
translation.  The  speed  varies  from  35  to  10  miles 
per  hour.  The  path  of  a cyclone  in  the  Northern 
Hemisphere  within  the  region  of  the  trade  winds  is 
towards  the  west,  inclining  towards  the  north.  In 
latitude  20°  the  path  is  more  northerly,  till  in 
latitude  25°  it  becomes  nearly  N.W.;  at  30°  latitude 
it  is  due  north,  after  which  it  begins  to  veer  in  an 
easterly  direction. 

In  the  Southern  Hemisphere  the  motion  is  exactly 
reversed. 

The  barometer  is  lowest  near  the  centre  of  the 
storm  area.  The  duration  of  the  storm  will  depend 
upon  its  diameter.  The  centre  of  the  majority  of 
the  severe  storms  follows  the  north  boundary  of  the 
United  States.  The  general  appearances  of  the  sky, 
as  recorded  by  the  United  States  Signal  Service  that 
predict  c weather,’  may  be  thus  summed  up. 

Clouds  above  those  nearest  the  earth,  when 
moving  in  an  opposite  direction  to  the  wind,  foretell 
a change  in  the  direction  of  the  wind.  Remarkable 
clearness  of  the  atmosphere  indicates  rain.  Halos, 
coronse,  show  the  precipitation  of  vapours  in  the 
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higher  regions  of  the  atmosphere,  and  are  followed 
by  rain  or  snow. 

When  the  outlines  of  the  large  clouds  called 
cumuli  are  clearly  defined,  fine  weather  may  be  ex- 
pected. The  electricity  of  the  air  is  seldom  negative 
except  when  rain  is  falling,  and  the  colder  the  air 
the  greater  the  intensity  of  the  charge. 

In  the  ventilation  of  a fiery  mine  I advise  the 
quickening  of  the  fan  a few  strokes  during  dull  and 
foggy  weather,  or  during  the  depression  of  barometri- 
cal pressure  that  generally  precedes  the  equinoxes. 


Explanation  of  the  Gas  Chart. 

The  object  of  this  chart  is,  firstly,  to  show  the 
method  to  be  employed  in  making  observations  on 
blowers  or  feeders  of  gas  in  a fiery  mine,  when 
danger  may  be  apprehended ; and  secondly,  to 
illustrate  the  effect  of  changes  of  temperature,  and 
pressure  in  the  volume  of  the  gas.  The  thickness  of 
the  gas  was  obtained  by  erecting  a 60-inch  staff, 
graduated  in  inches,  and  placed  where  the  gas 
showed  itself ; the  fire  trier  slowly  raised  his  lamp 
until  the  ‘ cap  ’ showed  on  its  flame,  when  the  level 
of  the  flame,  read  off  on  the  staff,  gave  the  equivalent 
level  of  the  gas.  The  observations  were  taken  three 
times  a day,  viz.,  at  9 a.m:.,  12  noon,  and  3 p.m.,  the 
pit  being  running,  on  the  23rd.  The  greatest 
thickness  of  gas  was  4 ft.  10  in.  in  the  5-ft.  heading. 


140 


• THE  VENTILATION  OF  MINES. 


leaving  only  2 indies  of  air  on  the  bottom  of  the 
roadway.  The  atmospheric  condition  in  the  pit  was 
shown  by  the  instruments  to  be  dry,  4°  Fahr.  in  point 
of  temperature  above  the  surface  temperature,  and 
higher  than  the  normal  temperature  of  the  pit, 
rising  towards  noon,  while  the  atmospheric  pressure 
was  on  the  surface  2 8’ 9 inches,  equal  to  a pressure 
per  square  inch  of  14  lbs.  74-  oz.,  and  in  the  pit  29-3 
inches,  equivalent  to  a pressure  of  14  lbs.  10J-  oz.  per 
square  inch  (being  a deficiency  of  pressure  per  square 
inch  of  rather  more  than  three  ounces  avoirdupois 
from  the  normal  atmospheric  reading  of  15  lbs. 
per  square  inch  on  a barometer  reading  of  30 
inches). 

On  the  other  hand,  the  minimum  thickness  of 
gas  was  on  April  18  at  12  noon,  when  it  was  only 

1 ft.  7 in.  in  the  5-ft.  heading,  the  surface  temperature 
being  42°  Fahr.,  and  that  in  the  workings  58° ; the 
barometer  reading  in  the  workings  being  29*6  inches, 
or  14  lbs.  34-  oz.  per  square  inch,  and  on  the  surface 
29T  inches,  or  a pressure  per  square  inch  of  14  lbs. 
2-4-  oz.  In  the  chart,  No.  1 barometer  was  situated 
on  the  surface,  No.  2 barometer  in  the  pit  bottom, 
No.  3 in  the  workings.  The  thermometers  are  thus 
shown : No.  1 thermometer  was  on  the  surface,  No. 

2 in  the  pit  bottom,  No.  3 was  618  yards  in-bye,  No. 
4,  1,236  yards  in-bye,  No.  5 in  the  workings.  The 
condensed  results  of  the  observations  when  tabulated 
are  as  follow  : — 
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IS 

79 

Fan 

P. 

Face 

Atmosplu 

SUl 

In  pit 

iric  pres- 
•e 

On  surface 

Hygrometer 
showed  pit  to  be 

Thickness 
of  gas  in 
heading 

o 

lbs. 

oz. 

lbs. 

OZ. 

ft. 

in. 

April 

17  . 

57 

41 

14 

12 

14 

81 

wet 

3 

i 

if 

18  . 

58 

42 

14 

14# 

14 

8f 

dry 

1 

8 

if 

19  . 

58 

48 

14 

12| 

14 

8| 

dry,  then  wet 

2 

0 

if 

21  . 

60 

47 

14 

U| 

14 

9 

wet,  then  dry 

4 

2 

if 

22  . 

5S 

47 

14 

HI 

14 

9 

dry 

4 

2 

5) 

23  . 

58 

52 

14 

10| 

14 

9 

wet,  then  dry 

4 

10 

If 

24  . 

57 

47 

14 

13f 

14 

8f 

wet 

3 

2 

a 

25  . 

57 

53 

14 

Ilf 

14 

10f 

dry,  then  wet 

2 

9 

a 

26  . 

57 

50 

14 

12 

14 

8 

dry 

4 

5 

a 

28  . 

58 

47 

14 

11# 

14 

Hf 

dry 

4 

6 

a 

29  . 

56 

54 

15 

4 

5 

14 

12# 

dry 

3 

1 

a 

30  . 

57 

50 

15 

14 

12| 

dry 

3 

0 

May 

1 . 

58 

46 

15 

— 

14 

12 

dry 

2 

11 

if 

2 . 

59 

43 

15 

9f 

14 

13§ 

dry 

2 

4 

It  is  impossible,  from  these  data,  to  say  exactly 
what  effect  the  condition  of  the  atmosphere  has  on 
the  quantity  of  gas  in  a mine ; it  must  be  obvious  to 
the  reader  that  the  difference  of  a few  ounces  in 
pressure  per  square  inch — and  that  is  all  we  can 
record  by  the  barometrical  changes — cannot  affect  a 
blower  of  gas  issuing  with  a force  of  possibly  twice 
the  pressure  of  the  atmosphere.  The  question  re- 
solves itself  purely  into  one  of  equilibrium  ; on  the 
one  hand  we  have  a constant  force  exerted  by  the 
nucleus  of  air  by  which  the  earth  is  enveloped, 
varying,  when  estimated  in  pressure  per  square  inch, 
from  14  to  15  lbs. ; on  the  other  hand,  we  have  a 
discharge  of  gas  issuing  with  a pressure  of  from  1 lb. 
to  an  unknown  limit  per  square  inch ; the  obvious 
deduction  is  this  up  to  15  lbs. ; that  is,  that  so  long  as 
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tlie  barometer  stands  at  30  in  the  pit,  the  atmo- 
spheric pressure  counteracts  15  lbs.,  and  only  that 
amount,  of  the  pressure  with  which  the  blower 
issues ; that  if  this  latter  pressure  is  more  than 
15  lbs.,  the  origin  of  its  excessive  force  must  be 
attributed  to  some  other  source  than  any  abnormal 
decrease  in  the  surface  barometrical  readings. 

The  observations  illustrated  by  the  chart  are  the 
ones  I have  selected  from  a considerable  series  of 
experiments,  as  being  a fair  specimen  of  the  average 
results  yielded. 

With  violent  outbursts  of  gas  in  mines,  whether 
normally  fiery  or  not,  experience  leads  us  to  the  fol- 
lowing conclusion.  There  is  less  risk  of  outbursts 
with  long  wall  work,  as  there  are  no  portions  of  coal 
left,  the  coal  is  cleared  out  now  and  the  roof  comes 
down  gradually  as  the  work  proceeds,  and  packs  up 
better,  leaving  no  goafs,  and  relieving  the  4 crush.’ 

One  thing,  the  importance  of  which  in  a district 
liable  to  blowers  cannot  be  overlooked,  is  that  the 
roof  must  come  down  well ; any  shale  or  bind  must 
be  ripped  off  and  the  solid  roof  got  to  before  allowing 
it  to  come  down  and  pack  up,  otherwise  when  the 
bind  comes  down  (before  the  roof),  the  cavity  be- 
tween the  bind  and  the  real  rock  roof  will  be  filled 
with  gas.  When  the  roof  comes  down  the  gas  will 
come  with  it  right  on  to  the  floor  of  the  workings 
and  fill  them.  In  support  of  this  let  us  examine  the 
cause  of  the  awful  catastrophe  at  Abercarne  in  1878. 
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Here  the  air  current  was  23,560  cubic  feet  per 
second.  A fall  took  place  in  No.  2 district  that 
filled  that  district  temporarily  with  gas  until  swept 
away  by  the  current  of  air  circulating  in  that  district. 
It  was  found  on  examination  that  a considerable 
portion  of  the  roof  had  fallen  up  to  a parting  four 
feet  above  the  coal,  and  between  this  parting  and  the 
bed  of  rock  above  there  was  a cavity  1 foot  deep, 
extending  over  a considerable  area,  forming  the 
reservoir  from  which  the  gas  had  come ; the  lamps 
of  the  men  were  extinguished,  and  no  calamity 
occurred  that  day.  However,  almost  simultaneously 
with  this  outburst  at  Abercarne,  it  was  discovered 
that  on  the  east  side  long-wall  workings  on  the  old 
coal  in  No.  15  pit,  all  the  fissures  and  cracks  in  the 
roof  down  to  the  coal  were  full  of  gas,  and  similar 
cavities  were  found  as  at  Abercarne.  A gas  drain 
was  immediately  put  in  on  the  rise  side  of  the  coal, 
when  the  gas  disappeared. 

When  falls  occurred  afterwards  in  the  pit  it  was 
found  that  these  cavities  did  not  hold  gas,  it  having 
escaped  by  the  drain. 

There  is  no  doubt  that  it  is  best  to  work  long- 
wall  way  in  any  seams  that  are  not  thicker  than  can 
be  taken  at  once.  Pillar  and  stall  work  is  more 
suited  to  such  seams  as  the  10-yard  coal  in  South 
Staffordshire.  When  the  seams  dip,  as  in  North 
Staffordshire,  it  is  best  to  work  from  the  rise  to  the 
dip ; this  lessens  the  danger  of  blowers. 
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The  Ebbw  Yale  Company  use  a gas  extractor  for 
trying  the  cavities  when  the  firemen  cannot  insert  a 
lamp,  and  it  is  reported  to  answer  extremely  well. 

There  appears  to  be  a greater  probability  of  gas 
blowing  at  the  commencement  of  frosty  weather. 

To  estimate  the  amount  of  gas  that  will  be 
yielded  for  a difference  of  atmospheric  pressure  from 
a goaf  or  cavity,  Marriott’s  law  that  the  volume 
varies  inversely  as  the  pressure  is  the  simplest 
in  practice. 

For  instance,  the  barometer  reads  30*00  inches ; 
it  falls  to  29*50  inches.  It  is  required  to  find  the 
increase  in  volume  of  the  gas  given  oft  from  a goaf 
or  blower.  Then  29*50  : 30*00  : : volume  at  30*00 
inches  : volume  at  29*50  inches. 

Or  (volume  at  29*50)  — (volume  at  30*00) 

= volume  of  gas  that  will  leave  the  coal  or  goaf. 

The  elasticity  of  hydrogen  increases  more  rapidly 
than  the  pressure.  The  possibility  of  liquefaction 
diminishes  as  the  elasticity  of  the  gas,  as  compared 
with  other  gases,  increases. 


Elasticity  of  Gases  at  High  Pressures. 


Pressure  in 
lbs.  per  square 
inch 

Air 

Nitrogen 

Carbonic  acid 

Hydrogen 

15 

1-000 

1-000 

1-000 

1-000 

150 

9-916220 

9-943590 

9-226200 

10-056070 

350 

19-719880 

19-788580 

16-705400 

20-268270 

SAFETY  LAMPS. 


145 


Gas 

Density 

Square  root 

1 

Velocity  ol 
diffusion 
ail-— 1 

Kate  of 

of  density 

^Density 

effusion 

1 Hvdrogen  . 

006926 

0-2632 

3-7994 

3-83 

3-613 

Marsh  Gas  . 

0-559 

0-7476 

1-3375 

1-344 

1-322 

Carbonic  Oxide  . 

0-9678 

0-9837 

1-0165 

1-0149 

10123 

Olefiant  Gas 

0-978 

0-98S9 

1-0112 

1-0191 

— 

Sulphuretted  Hy- 
drogen . 

1-1912 

1-0914 

0-9162 

0-95 

Carbonic  Acid 

1-52901 

1-2365 

0-8087 

0-812 

0-821 

The  rate  of  effusion  is  the  rapidity  with  which 
the  gases  would  escape  into  vacuum  through  the 
minutest  hole,  say  3-^  of  an  inch. 


CHAPTER  XII. 

SAFETY  LAMPS. 

On  this  subject  so  much  has  been  written,  and  so 
many  merits  claimed  by  each  inventor,  that  without 
prejudice  to  any  I propose  to  divide  the  subject  into 
the  following  headings. 

Firstly,  what  lamps  are  used  in  coal  mines,  then 
the  objections  raised  against  these  by  those  who  have 
used  them,  and  finally,  the  sum  of  my  own  experience 
with  them. 

The  safety  lamps  most  generally  used  in  England 
are  Mueseler,  Clanny,  Davy,  Stephenson,  William- 
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son’s  Patent  Double  Safety  Lamp,  and  the  Protector 
Lamp. 

Of  these  Mueseler,  Stephenson,  and  Williamson’s 
lamps  are  6 extinguishing  ; ’ that  is,  they  possess  the 
property  of  automatically  becoming  extinguished  in 
an  explosive  atmosphere,  a point  of  vital  importance 
when  blowers  exist.  Olanny’s,  Davy’s,  and  the  Pro- 
tector lamp  do  not  become  extinguished.  I refer 
the  reader  to  a paper  on  this  subject  read  by  me  on 
April  25,  1879,  before  the  Institution  of  Mechanical 
Engineers  in  London,  and  published  in  their  Transac- 
tions. 

Diagrams  are  given  in  this  paper  of  the  principles 
of  the  combustion  chamber  in  each  lamp.  I consider 
non-extinguishing  lamps  in  fiery  mines  unsafe,  and 
contend  that  there  is  ample  evidence  to  support  this 
rule.  A blower  of  gas  of  8 feet  per  second  velocity 
will  pass  a Davy  lamp  and  become  ignited.  The 
question  to  be  decided  is,  Can  a miner  extinguish  his 
lamp  sufficiently  quick  when  he  discovers  the  gas 
burning  inside  it  to  prevent  explosion?  I contend 
that  he  cannot.  This  disposes  of  all  single-gauze 
safety  lamps  on  Davy’s  principle.  Let  us  quote  the 
report  of  the  Mining  Accident  Commissioners  on  this 
point,  who  examined  a great  number  of  witnesses 
both  for  and  against  the  use  of  these  lamps.  The 
experiments  were  made  at  Garswood  Hall  Colliery  by 
means  of  a powerful  blower  of  gas  which  existed 
there.  Accurate  velocities  and  percentages  were 
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obtained  by  delicate  and  accurate  scientific  apparatus. 
Pending  further  experiments  the  commissioners 
report,  4 One  result  was  so  distinctly  elicited , confirma- 
tory of  what  had  been  announced  by  others , that  it  was 
thought  right,  pending  the  prosecution  of  the  inquiry, 
to  announce  it  to  the  Secretary  of  State  for  the  Home 
Department.  It  is  to  the  effect  that  the  employment  of 
the  ordinary  Davy  and  Clanny  Lamps  in  an  explosive 
mixture,  when  the  current  exceeds  six  feet  per  second,  is 
attended  by  risk  of  accident  almost  amounting  to  a 
certainty I 

Nothing  can  be  clearer  than  this  point.  It  is 
one  which  I have  insisted  on  for  more  than  three  years 
and  to  no  effect,  and  until  these  two  lamps  are  con- 
demned and  their  use  made  illegal,  managers  will  still 
use  them  and  incur  the  risk.  I can  only  suggest  that 
any  engineer  who  uses  Davy  or  Clanny  lamps  uses 
them  now  well  knowing  the  risk.  In  the  hands  of 
the  fireman  I do  not  object  to  them,  provided  they 
are  surrounded  by  an  outside  glass  cylinder.  Mr. 
R.  Forster,  manager  of  the  South  Hetton  Collieries, 
reports  an  explosion  with  the  Protector  mineral  oil 
lamp,  but  not  from  gas,  from  the  paraffin  oil  itself. 
Mineral  oil  is  highly  objectionable  in  a colliery. 
Mueseler’s  lamp  usually  becomes  extinguished,  but  in 
the  experiments  at  the  end  of  this  chapter  it  will  be 
noticed  that  it  occasionally  explodes.  This  feature 
has  been  cleared  up  thus.  If  the  width  of  the  orifice 
at  the  top  of  the  inner  chimney  is  too  great  there  is 
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a risk  of  fresh  air  blowing  down  it  on  to  the  flame, 
and  so  keeping  the  wick  alight  till  the  gas  passes  the 
gauze  or  destroys  it.  It  stands  a very  high  velocity, 
but  in  the  hands  of  men  engaged  in  timbering  and 
setting  collars  it  is  useless,  as  it  frequently  goes  out 
if  tilted  to  one  side.  An  examination  of  the  evidence 
of  men  who  have  used  the  lamp  will  support  this. 

Stephenson’s  lamp  gives  too  little  light,  otherwise 
it  is  safe.  I find  no  valid  objections  against 
Williamson’s  lamp,  and  it  is  absolutely  safe. 

The  sum  of  my  experience  with  safety  lamps  is, 
that  many  of  those  who  use  them,  i.e.  the  miners,  do 
not  understand  how  to  take  care  of  them,  nor  how  to 
use  them  in  gas.  Every  lamp  should  be  tested  in  gas 
before  it  is  sent  into  the  pit,  and  there  should  be  no 
lamp  trimming  stations  underground  except  in  the 
intake  air-current ; indeed,  even  there  ib  is  most 
desirable  to  have  the  station  as  near  the  downcast 
shaft  as  possible.  I think  there  are  the  gravest  ob- 
jections to  the  system  of  colliers  buying  their  lamps. 
It  generally  ends  in  a collection  of  safety  lamps  of  all 
patterns  and  ages,  and  frequently  causes  disputes. 

I have  continually  pointed  out  the  danger  of 
using  non-extinguishing  lamps  in  fiery  mines,  and  at 
last  the  attention  of  the  Government  has  been  called 
to  the  danger  by  the  commissioners,  but  great  blame 
attaches,  to  my  mind,  that  this  fact  was  ignored  so 
long.  The  qualifications  for  a good  safety  lamp  are 
as  follows  : — 
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a.  In  an  atmosphere  of  fire-damp  at  too  high  a 
velocity  the  lamp  should  become  extinguished  and 
should  not  explode. 

b.  The  lamp  should  be  able  to  stand  a high 
velocity  without  becoming  extinguished  too  soon.  It 
should  also  be  a delicate  lamp  in  the  hands  of  the 
fire-trier. 

c.  The  body  of  gas  burning  within  the  lamp 
should  not  continue  to  burn  after  the  lamp  goes  out. 

d.  The  lamp  should  be  able  to  be  inclined  at  a 
considerable  angle,  and  yet  not  go  out. 

e.  It  should  not  be  too  heavy,  should  burn  nothing 
but  vegetable  oil,  and  should  yield  a good  light  in 
any  position. 

All  these  requirements  Williamson’s  lamp  fulfils. 

Toughened  glass  is  unsafe  for  safety  lamp  glasses. 
It  frequently  breaks  of  its  own  accord. 

So  far  electricity  has  not  been  practically  applied 
to  lighting  coal  mines.  No  doubt  it  will  ultimately 
be  employed  successfully,  but  it  must  always  be  borne 
in  mind  that  hermetically  sealed  electric  lamps, 
although  they  yield  an  excellent  light,  do  not  indicate 
the  presence  of  fire-damp,  and  that  consequently  the 
watch  that  is  kept  by  the  use  of  safety  lamps  through- 
out the  workings  of  a large  coal  mine  on  the  sudden 
blowers  of  gas,  will  be  removed  if  safety  lamps  are 
not  also  employed  in  addition  to  the  electric  lamps. 

Subjoined  we  give  details  of  experiments  with 
safety  lamps.  The  results  all  tend  in  the  same 
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direction,  namely,  the  condemnation  of  Davy’s  and 
Clanny’s  lamps,  and  all  non-extinguishing  lamps. 
We  have  never  either  recommended  or  permitted 
their  use  when  responsibility  rested  with  the  author, 
and  we  recommend  mining  engineers  who  are  doubt- 
ful on  this  point  to  experiment  for  themselves,  and 
not  to  have  these  lamps  if  they  find  them  4 explode  ’ 
in  explosive  mixtures  at  high  velocity.  Subjoined 
are  some  tables  of  experiments  with  safety  lamps. 

A.  few  practical  hints  may  be  added  as  to  how  to 
estimate  the  per-centage  of  air  in  combination  with 
fire-damp  with  the  lamp,  when  looking  for  gas.  It 
is  a known  fact  that  if  fire-damp  contains  an  excess 
of  bicarburetted  hydrogen,  a red-hot  wire  will  fire 
it ; again,  the  force  of  an  explosion  of  fire-damp  will 
be  directly  proportional  to  the  amount  of  oxygen  it 
contains  to  ensure  combustion.  One  cubic  foot  of 
gas  to  five  and  a half  cubic  feet  of  air  is  the  most 
feeble  combination ; the  gas  if  ignited  merely  ‘flashes/ 
The  maximum  effect  is  reached  at  1 of  gas  to  10 
volumes  of  the  air;  this  point  is  shown  by  a blue 
4 cap  ’ or  halo  round  the  top  of  the  flame.  If  a Davy 
or  Clanny  lamp  is  ever  immersed,  the  flame  instantly 
begins  to  mount  the  inner  gauze  after  the  4 cap  ’ has 
made  its  appearance.  To  observe  the  4 cap 5 the 
direct  rays  from  the  light  must  be  shielded  from  the 
eyes,  and  this  is  best  done  by  observing  the  top  of 
the  flame  between  the  two  fingers.  Fall  of  roof, 
faults,  and  all  abandoned  workings  must  be  ap- 
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Cannock  and  Eugeley  Collieries,  March  1,  1878. 


Experiments  made  with  Safety  Lamps,  as  under  : — 


No.  of  Ex- 
periment 


1 

2 

3 

4 

5 


6 

7 

8 
9 

10 


11 

12 

13 

14 

15 


16 

17 

18 

19 

20 


21 

22 

23 

24 

25 


26 

27 

28 

29 

30 


31 

32 

33 

34 

35 


Description  of 
Lamp 

Velocity  of 
air  per  second 

Length  of  time 
for  each  Experi- 
ment 

Result  of  each 
Experiment 

Davy 

8 Feet 

20 

Seconds 

Exploded 

Clanny 

do. 

120 

99 

No  Explosion 

Mueseler 

do. 

56 

99 

Extinguished 

Stephenson 

do. 

8 

99 

do. 

Williamson 

do. 

9 

99 

do. 

Davy 

10  Feet 

16  Seconds 

Exploded 

Clanny 

do. 

65 

99 

do. 

Mueseler 

do. 

14 

do. 

Stephenson 

do. 

1 

99 

Extinguished 

Williamson 

do. 

1 

99 

do. 

Davy 

16  Feet 

8 Seconds 

Exploded 

Clanny 

do. 

24 

99 

do. 

Mueseler 

do. 

4 

99 

Extinguished 

Stephenson 

do. 

1 

9 9 

do. 

Williamson 

do. 

1 

99 

do. 

Davy 

20  Feet 

10 

Seconds 

Explode 

Clanny 

do. 

9 

99 

do. 

Mueseler 

do. 

11 

do. 

Stephenson 

do. 

1 

99 

Extinguished 

Williamson 

do. 

3 

99 

do. 

Davy 

25  Feet 

5 Seconds 

Exploded 

Clanny 

do. 

61 

99 

do. 

Mueseler 

do. 

5 

99 

Extinguished 

Stephenson 

do. 

4 

99 

do. 

Williamson 

do. 

4 

99 

do. 

Davy 

30  Feet 

6 Seconds 

Exploded 

Clanny 

do. 

10 

99 

do. 

Mueseler 

do. 

6 

do. 

Stephenson 

do. 

2 

99 

Extinguished 

Williamson 

do. 

1 

99 

do. 

Davy 

16  Feet 

13  Seconds 

Explo  ed 

Clanny 

do. 

7 

99 

do. 

Mueseler 

do. 

2 

99 

Extinguished 

Stephenson 

do. 

25 

99 

do. 

Williamson 

do. 

15 

99 

do. 

152 


THE  VENTILATION  OF  MINES. 


proaclied  with  care  ; the  existence  of  a blower  should 
never  be  searched  for  with  any  but  an  extinguishing 
lamp  on  Stephenson’s  principle.  The  sump  should 
be  carefully  tried  for  gas  occasionally  : if  it  contains 
any  gas,  a slight  rise  in  the  water  level  will  make  the 
gas  blow  through  the  covering  ; and  since  the  eager 
generally  works  with  a naked  light  an  avoidable 
source  of  danger  is  incurred,  and  a watch  must  there- 
fore be  kept  on  it.  When  working  a very  fiery  seam, 
the  rate  of  progress  must  be  sufficiently  slow  to  allow 
the  gas  to  drain  off  quietly.  In  conclusion,  the  only 
system  by  which  a fiery  mine  can  be  worked  safely  is 
by  paying  strict  attention  to  what  appear  at  first 
sight  to  be  minor  details.  The  fire-triers  must  be 
picked  men,  and  those  men  who  are  connected  with 
the  ventilation  department  must  be  practically  ac- 
quainted with  their  duties.  We  recommend  every 
viewer  to  examine  the  general  effect  of  the  main  air- 
current  periodically.  He  should  ascertain  how  much 
air,  at  what  velocity,  is  required,  according  to  the 
rules  we  have  here  given,  and  his  duty  is  to  see  that 
(i.)  the  amount  of  air  passing  into  the  working  is 
adequate ; (ii.)  that  the  adequate  quantity  does  really 
pass  through  the  pit. 

No  instructions  to  subordinates  will  avail,  unless 
the  chief  engineer  satisfies  himself  that  the  instruc- 
tions are  necessary ; and  if  so,  that  they  are  carried 
out  in  the  spirit  with  which  they  were  issued.  The 
ventilation  of  a colliery  is  a most  responsible  duty,  and 
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since  the  laws  that  govern  the  velocity  and  quantity 
of  the  air-current  are  now  understood,  the  responsi- 
bility is  reduced  to  a minimum,  but  if  neglected,  ex- 
plosion is  the  certain  result.  More  explosions  have 
occurred  through  neglect  to  ascertain  what  the  effect 
of  splitting  or  stopping  would  be  before  doing  it  than 
through  insufficient  ventilation.  A prevalent  idea 
amongst  roadsmen  is  that  if  a large  quantity  of  air 
passes  down  the  shaft,  the  pit  is  well  ventilated.  This 
entirely  depends  on  the  disposition  of  the  air-current 
in  the  pit ; and  further,  if  the  shafts  are  calculated  to 
yield  a passage  to  a given  volume  of  air,  and  the  re- 
quirements of  the  mine  are  such  that  that  volume  is 
absolutely  necessary,  the  shaft  must  not  be  blocked 
up  with  guides,  signal  wires,  pump  rods,  &c.,  after 
the  calculation  is  made;  and  in  designing  new  shafts 
possible  contingencies  such  as  electric  light  and  com- 
pressed air  pipes,  &c.,  should  be  allowed  for  when 
calculating  the  shaft  room. 
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Questions  of  Belief  and  Practice.  Crown  8vo,  Js.  6 d. 

DAWSON,  Geo.,  M.A. — Prayers,  with  a Discourse  on  Prayer. 
Edited  by  his  Wife.  Eighth  Edition.  Crown  8vo,  6s. 

Sermons  on  Disputed  Points  and  Special  Occasions. 
Edited  by  his  Wife.  Third  Edition.  Crown  8vo,  6s. 

Sermons  on  Daily  Life  and  Duty.  Edited  by  his  Wife. 
Third  Edition.  Crown  8vo,  6s. 

The  Authentic  Gospel.  A New  Volume  of  Sermons.  Edited 
by  George  St.  Clair.  Second  Edition.  Crown  8vo,  6s. 

Three  Books  of  God  : Nature,  History,  and  Scripture. 
Sermons  edited  by  George  St.  Clair.  Crown  8vo,  cloth,  6s. 

DE  REDCLIFFE,  Viscount  Stratford. — Why  am  I a Christian  ? 
Fifth  Edition.  Crown  8vo,  3J. 

DESPREZ,  Phillip  S.,  B.D. — Daniel  and  John  ; or,  the  Apocalypse 
of  the  Old  and  that  of  the  New  Testament,  Demy  8vo,  12s. 
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DIDON,  Rev.  Father.  — Science  without  God.  Conferences  by. 
Translated  from  the  French  by  Rosa  Corder.  Crown  Svo, 
cloth,  $s. 

DOWDEN,  Edward,  LL.D. — Shakspere  : a Critical  Study  of  his 
Mind  and  Art.  Sixth  Edition.  Post  Svo,  12 s. 

Studies  in  Literature,  1789-1877.  Second  and  Cheaper  Edition. 
Large  post  Svo,  6s. 

DREWRY,  G.  0.,  M.D. — The  Common-Sense  Management  of 
the  Stomach.  Fifth  Edition.  Fcap.  Svo,  2 s.  6d. 

DREWRY,  G.  O.,  M.D. , and  BARTLETT,  H.  C.,  Ph.D.—  Cup  and 
Platter  ; or,  Notes  on  Food  and  its  Effects.  New  and  Cheaper 
Edition.  Small  8vo,  ij.  6d. 

DUFFIELD,  A.  J. — Don  Quixote  : his  Critics  and  Commen- 
tators. With  a brief  account  of  the  minor  works  of  Miguel  dk 
Cervantes  Saavedra,  and  a statement  of  the  aim  and  end  a 
the  greatest  of  them  all.  A [handy  book  for  general  readers 
Crown  8 vo,  3J.  6 d. 

DU  MONCEL,  Count. — The  Telephone,  the  Microphone,  and 
the  Phonograph.  With  74  Illustrations.  Second  Edition. 
Small  crown  Svo,  $s. 

EDGEWORTH,  F.  Y. — Mathematical  Psychics.  An  Essay  on 
the  Application  of  Mathematics  to  Social  Science.  Demy  Svo, 
7-r.  6 d. 

EDIS,  Robert  W.,  F.S.A.,  etc. — Decoration  and  Furniture  of 
Town  Houses  : a Series  of  Cantor  Lectures,  delivered  before 
the  Society  of  Arts,  1880.  Amplified  and  Enlarged.  With  29 
Full-page  Illustrations  and  numerous  Sketches.  Second  Edition. 
Square  8vo,  12 s.  6 d. 

Educational  Code  of  the  Prussian  Nation,  in  its  Present 
Form.  In  accordance  with  the  Decisions  of  the  Common  Pro- 
vincial Law,  and  with  those  of  Recent  Legislation.  Crown  Svo, 
2 s.  6 d. 

Education  Library.  Edited  by  Philip  Magnus  : — 

An  Introduction  to  the  History  of  Educational 
Theories.  By  Oscar  Browning,  M.A.  Second  Edition. 
3 J-  6af. 

John  Amos  Comenius  : his  Life  and  Educational  Work.  By 
Prof.  S.  S.  Laurie,  A.M.  3J.  6 d. 

Old  Greek  Education.  By  the  Rev.  Prof.  Mahaffy,  M.A. 
3-r.  6 d. 

Eighteenth  Century  Essays.  Selected  and  Edited  by  Austin 
Dobson.  With  a Miniature  Frontispiece  by  R.  Caldecott. 
Parchment  Library  Edition,  6j.  ; vellum,  7 s.  6d. 

ELSDALE,  Henry. — Studies  in  Tennyson’s  Idylls.  Crown  8vo,  5*. 
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ELYOT,  Sir  Thomas. — The  Boke  named  the  Gouernour.  Edited 
from  the  First  Edition  of  1531  by  Henry  Herbert  Stephen 
Croet,  M.A.,  Barrister-at-Law.  With  Portraits  of  Sir  Thomas 
and  Lady  Elyot,  copied  by  permission  of  her  Majesty  from  Hol- 
bein’s Original  Drawings  at  Windsor  Castle.  2 vols.  Fcap.  4to, 
So  s. 

Eranus.  A Collection  of  Exercises  in  the  Alcaic  and  Sapphic  Metres. 

Edited  by  F.  W.  Cornish,  Assistant  Master  at  Eton.  Crown 
8vo,  2 s. 

KVANS , Mark. — The  Story  of  Our  Father’s  Love,  told  to 
Children.  Fifth  and  Cheaper  Edition.  With  Four  Illustrations. 
Fcap.  8 vo,  ir.  6 d. 

A Book  of  Common  Prayer  and  Worship  for  House- 
hold Use,  compiled  exclusively  from  the  Holy  Scriptures. 
Second  Edition.  Fcap.  8vo,  is. 

The  Gospel  of  Home  Life.  Crown  8vo,  4 s.  6d. 

The  King’s  Story-Book.  In  Three  Parts.  Fcap.  8vo,  u.  6d. 
each. 

***  Parts  I.  and  II.  with  Eight  Illustrations  and  Two  Picture  Maps, 

now  ready. 

“Fan  Kwae”  at  Canton  before  Treaty  Days  1825-1844. 
By  an  old  Resident.  With  frontispiece.  Crown  8vo,  cloth,  5J. 

FELKIN,  H.  M. — Technical  Education  in  a Saxon  Town. 

Published  for  the  City  and  Guilds  of  London  Institute  for  the 
Advancement  of  Technical  Education.  Demy  8vo,  2 s. 

ELOREDICE,  W.  H. — A Month  among  the  Mere  Irish.  Small 
crown  8vo,  5-r. 

Folkestone  Ritual  Case  : the  Arguments,  Proceedings,  Judgment, 
and  Report.  Demy  8vo,  25 s. 

FORME  Y,  Rev.  Henry. — Ancient  Rome  and  its  Connection 
with  the  Christian  Religion  : An  Outline  of  the  History 
of  the  City  from  its  First  Foundation  down  to  the  Erection  of 
the  Chair  of  St.  Peter,  a.d.  42-47.  With  numerous  Illustrations 
of  Ancient  Monuments,  Sculpture,  and  Coinage,  and  of  the 
Antiquities  of  the  Christian  Catacombs.  Royal  4to,  cloth  extra, 
£2  1 or.  ; roxburgh  half-morocco,  £2  12 s.  6 d. 

ERASER,  Donald. — Exchange  Tables  of  Sterling  and  Indian 
Rupee  Currency,  upon  a new  and  extended  system,  embracing 
Values  from  One  Farthing  to  One  Hundred  Thousand  Pounds, 
and  at  rates  progressing,  in  Sixteenths  of  a Penny,  from  u.  9 d.  to 
2s.  3 d.  per  Rupee.  Royal  8vo,  ioj.  6 d. 

FRISWELL,  J.  Haiti. — The  Better  Self.  Essays  for  Home  Life. 
Crown  8vo,  6s, 
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GARDINER , Samuel  R.,  and  J.  BASS  MULLING ER,  M.A.— 
Introduction  to  the  Study  of  English  History.  Large 
Crown  8vo,  9 s. 

GARDATER,  Dorsey.— Quatre  Bras,  Ligny,  and  Waterloo.  A 
Narrative  of  the  Campaign  in  Belgium,  1815.  With  Maps  and 
Plans.  Demy  8vo,  i6.r. 

GARDNER , J.,  M.D. — Longevity  : The  Means  of  Prolonging 
Life  after  Middle  Age.  Fourth  Edition,  revised  and 
enlarged.  Small  crown  8vo,  4J. 

GEDDES,  James. — History  of  the  Administration  of  John  de 
W'itt,  Grand  Pensionary  of  Holland.  Vol.  I.  1623-1654.  With 
Portrait.  Demy  8vo,  15J. 

GENNA,  E.  — Irresponsible  Philanthropists.  Being  some 
Chapters  on  the  Employment  of  Gentlewomen.  Small  crown 
8vo,  is.  6d. 

GEORGE , Henry. — Progress  and  Poverty  : an  Inquiry  into  the 
Causes  of  Industrial  Depressions,  and  of  Increase  of  Want  with 
Increase  of  Wealth.  The  Remedy.  Second  Edition.  Post 
Svo,  7 s.  6d.  Also  a cheap  edition.  Sewed,  price  6 d. 

GILBERT,  Mrs. — Autobiography  and  other  Memorials. 
Edited  by  Josiah  Gilbert.  Third  and  Cheaper  Editior  With 
Steel  Portrait  and  several  Wood  Engravings.  Crown  Svo,  *js.  6d. 

GLOVER,  F.,  M.A. — Exempla  Latina.  A First  Construing  Book, 
with  Short  Notes,  Lexicon,  and  an  Introduction  to  the  Analysis 
of  Sentences.  Fcap.  8vo,  is. 

GODWIN',  William. — The  Genius  of  Christianity  Unveiled. 
Being  Essays  never  before  published.  Edited,  with  a Preface, 
by  C.  Kegan  Paul.  Crown  8vo,  'js.  6 d. 

GOLDSMID,  Sir  Francis  Henry,  Bart.,  Q.C.,  M.P. — Memoir  of. 
With  Portrait.  Second  Edition,  revised.  Crown  8vo,  6s. 

GOODENOUGH,  Commodore  J.  G. — Memoir  of,  with  Extracts  from 
his  Letters  and  Journals.  Edited  by  his  Widow.  With  Steel 
Engraved  Portrait.  Square  Svo,  5 s. 

***  Also  a Library  Edition  with  Maps,  Woodcuts,  and  Steel  Engraved 
Portrait.  Square  post  8vo,  14J. 

COSSE,  Edmund  W. — Studies  in  the  Literature  of  Northern 
Europe.  With  a Frontispiece  designed  and  etched  by  Alma 
Tadema.  New  and  cheaper  edition.  Large  crown  Svo,  6s. 

GOULD,  Rev.  S.  Baring,  M.A. — The  Vicar  of  Morwenstow  : a 
Memoir  of  the  Rev.  R.  S.  Hawker.  With  Portrait.  Third 
Edition,  revised.  Square  post  8vo,  ioj.  6d. 

Germany,  Present  and  Past.  New  and  Cheaper  Edition. 
Large  crown  8vo,  7 s.  6 d. 

GO  WAN,  Major  Walter  E. — A.  Ivanoff’s  Russian  Grammar. 

( 1 6th  Edition.)  Translated,  enlarged,  and  arranged  for  use  of 
Students  of  the  Russian  Language.  Demy  8vo,  6s. 
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GRAHAM, ; William,  M.A. — The  Greed  of  Science,  Religious,  Moral, 
and  Social.  Demy  8vo,  12s. 

GRIFFITH,  Thomas,  A.M. — The  Gospel  of  the  Divine  Life : a 
Study  of  the  Fourth  Evangelist.  Demy  8vo,  14 s. 

GRIMLEY , Rev.  H N.,  M.A. — Tremadoc  Sermons,  chiefly  on 
the  Spiritual  Body,  the  Unseen  World,  and  the 
Divine  Humanity.  Third  Edition.  Crown  8vo,  6s. 

GRUNER,  M.L.  — Studies  of  Blast  Furnace  Phenomena. 
Translated  by  L.  D.  B.  Gordon,  F.R.S.E.,  F.G.S.  Demy  8vo, 
7 s.  6 d. 

GURNEY,  Rev.  Archer. — Words  of  Faith  and  Cheer.  A Mission 
of  Instruction  and  Suggestion.  Crown  8vo,  6s. 

HAECKEL , Prof.  Ernst. — The  History  of  Creation.  Translation 
revised  by  Professor  E.  Ray  Lankester,  M.A.,  F.R.S.  With 
Coloured  Plates  and  Genealogical  Trees  of  the  various  groups 
of  both  Plants  and  Animals.  2 vols.  Second  Edition.  Post 
8vo,  32 s. 

The  History  of  the  Evolution  of  Man.  With  numerous 
Illustrations.  2 vols.  Post  8vo,  32*. 

Freedom  in  Science  and  Teaching.  With  a Prefatory  Note 
by  T.  H.  Huxley,  F.R.S.  Crown  8vo,  5 s, 

Half-Crown  Series  : — 

Sister  Dora  : a Biography.  By  Margaret  Lonsdale. 

True  Words  for  Brave  Men  : a Book  for  Soldiers  and  Sailors. 
By  the  late  Charles  Kingsley. 

An  Inland  Voyage.  By  R.  L.  Stevenson. 

Travels  with  a Donkey.  By  R.  L.  Stevenson. 

A Nook  in  the  Apennines.  By  Leader  Scott. 

Notes  of  Travel : being  Extracts  from  the  Journals  of  Count  Von 
Moltke. 

Letters  from  Russia.  By  Count  Von  Moltke. 

English  Sonnets.  Collected  and  Arranged  by  J.  Dennis. 

Lyrics  of  Love.  From  Shakespeare  to  Tennyson, 
Selected  and  Arranged  by  W.  D.  Adams, 

London  Lyrics.  By  F.  Locker. 

Home  Songs  for  Quiet  Hours.  By  the  Rev.  Canon  R.  H. 
Baynes. 

IIALLECK'S  International  Law ; or,  Rules  Regulating  the  Inter- 
course of  States  in  Peace  and  War.  A New  Edition,  revised, 
with  Notes  and  Cases  by  Sir  Sherston  Baker,  Bart.  ,2  vols. 
Demy  8vo,  38J. 

HARTINGTON,  The  Right  Hon.  the  Marquis  of,  M.P. — Election 
Speeches  in  1879  and  1880.  With  Address  to  the  Electors 
of  North-East  Lancashire.  Crown  8vo,  3j,  61, 
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IIA  WEIS,  Rev.  H.  R.,  M.A.— Current  Coin,  Materialism — The 
Devil — Crime — Drunkenness — Pauperism — Emotion — Recreation 
— The  Sabbath.  Fourth  and  Cheaper  Edition.  Crown  8vo,  5^. 

Arrows  in  the  Air.  Fourth  and  Cheaper  Edition.  Crown 
8vo,  5 r. 

Speech  in  Season.  Fifth  and  Cheaper  Edition.  Crown  8vo,  5-f. 

Thoughts  for  the  Times.  Twelfth  and  Cheaper  Edition. 
Crown  8vo,  5j. 

Unsectarian  Family  Prayers.  New  and  Cheaper  Edition. 

Fcap.  8vo,  is.  6 d. 

HAWKINS,  Edwards  Co77ierford. — Spirit  and  Form.  Sermons 
preached  in  the  Parish  Church  of  Leatherhead.  Crown  8vo,  6r. 

HA  YES,  A.  II,  Junr. — New  Colorado,  and  the  Santa  Fe  Trail. 
With  Map  and  60  Illustrations.  Crown  8vo,  9 s. 

HELL  WALD,  BaroTi  F.  V071. — The  Russians  in  Central  Asia. 

A Critical  Examination,  down  to  the  Present  Time,  of  the 
Geography  and  History  of  Central  Asia.  Translated  by  Lieut. - 
Col.  Theodore  Wirgman,  LL.B.  With  Map.  Large  post 
Svo,  12s. 

HENRY,  Philip. — Diaries  and  Letters  of.  Edited  by  Matthew 
Henry  Lee,  M.A.  Large  crown  8vo,  cloth,  ‘js . 6 d. 

HIDE,  Albert. — The  Age  to  Come.  Small  crown  Svo,  cloth,  2 s.  6d. 

HIME,  Major  H.  W.  L.,  R.A. — Wagnerism  : A Protest.  Crown 
Svo,  cloth,  2 s.  6 d. 

HINTON,  J. — The  Place  of  the  Physician.  To  which  is  added 
Essays  on  the  Law  of  Human  Life,  and  on  the 
Relations  between  Organic  and  Inorganic  Worlds. 
Second  Edition.  Crown  8vo,  3^.  6 d. 

Philosophy  and  Religion.  Selections  from  the  MSS.  of  the 
late  James  Hinton.  Edited  by  Caroline  Haddon.  Crown 
8vo,  5J. 

Physiology  for  Practical  Use.  By  Various  Writers.  With 
50  Illustrations.  Third  and  Cheaper  Edition.  Crown  8vo,  51. 

An  Atlas  of  Diseases  of  the  Membrana  Tympani.  With 
Descriptive  Text.  Post  8vo,  ^10  ior. 

The  Questions  of  Aural  Surgery.  With  Illustrations.  2 vols. 
Post  8 vo,  I2J.  6d. 

Chapters  on  the  Art  of  Thinking,  and  other  Essays. 
With  an  Introduction  by  Shadworth  Hodgson.  Edited  by 
C.  H.  Hinton.  Crown  8vo,  8r.  6d. 

The  Mystery  of  Pain.  New  Edition.  Fcap.  8vo,  is. 

Life  and  Letters.  Edited  by  Ellice  Hopkins,  with  an  Intro- 
duction by  Sir  W,  W.  Gull,  Bait.,  and  Portrait  engraved  on 
Steel  by  C.  H.  Jeens.  Fourth  Edition.  Crown  8vo,  8r.  6 d. 
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HOOPER , Mary.— Little  Dinners:  How  to  Serve  them  with 
Elegance  and  Economy.  Seventeenth  Edition.  Crown 
8vo,  2 s.  6 d. 

Cookery  for  Invalids,  Persons  of  Delicate  Digestion, 
and  Children.  Third  Edition.  Crown  8vo,  2 s.  6d. 

Every-Day  Meals.  Being  Economical  and  Wholesome  Recipes 
for  Breakfast,  Luncheon,  and  Supper.  Fifth  Edition.  Crown 
8vo,  2s.  6 d. 

HOPKINS , Ellice.—  Life  and  Letters  of  James  Hinton,  with  an 
Introduction  by  Sir  W.  W.  Gull,  Bart.,  and  Portrait  engraved 
on  Steel  by  C.  H.  JEENS.  Fourth  Edition.  Crown  8vo,  Ss.  61. 

Work  amongst  Working  Men.  Fourth  edition.  Crown 
8vo,  cloth,  3^.  6d, 

HORNER,  The  Misses. — Walks  in  Florence.  A New  and  thoroughly 
Revised  Edition.  2 vols.  Crown  8vo.  Limp  cloth.  With  Illus- 
trations. 

Vol.  I. — Churches,  Streets,  and  Palaces,  ior.  6d. 

Vol.  II. — Public  Galleries  and  Museums.  5.?. 

HOSPITA  LIER,  E. — The  Modern  Applications  of  Electricity. 

Translated  and  Enlarged  by  Julius  Maier,  Ph.D.  With  170 
Illustrations.  Demy  8vo,  16 s. 

Household  Readings  on  Prophecy.  By  a Layman.  Small 
crown  8vo,  3.5-.  6 d. 

HUGHES , Henry. — The  Redemption  of  the  World.  Crown  8vo, 
3-r.  6d. 

HULL , Edmund  C.  P. — The  European  in  India.  With  a Medical 
Guide  for  Anglo-Indians.  By  R.  S.  Mair,  M.D.,  F.R.C.S.E. 
Third  Edition,  Revised  and  Corrected.  Post  8vo,  6s. 

HUNTINGFORD,  Rev.  E.,  D.C.L. — The  Apocalypse.  With  a 
Commentary  and  Introductory  Essay.  Demy  8vo,  9J. 

HUTTON,  Arthur,  M.A. — The  Anglican  Ministry  : Its  Nature 
and  Value  in  relation  to  the  Catholic  Priesthood.  With  a Preface 
by  His  Eminence  Cardinal  Newman.  Demy  8vo,  141. 

HUTTON,  Rev.  C.  F. — Unconscious  Testimony  ; or,  the  Silent 
Witness  of  the  Hebrew  to  the  Truth  of  the  Historical  Scriptures. 
Crown  8vo,  cloth,  2 s.  6 d. 

JENKINS,  E.,  and  RAYMOND,  J.—' The  Architect’s  Legal 
Handbook.  Third  Edition,  Revised.  Crown  8vo,  6s. 

JENKINS,  Rev.  R.  C.,  M.A. — The  Privilege  of  Peter,  and  the 
Claims  of  the  Roman  Church  confronted  with  the  Scriptures, 
the  Councils,  and  the  Testimony  of  the  Popes  themselves.  Fcap. 
8vo,  3J.  6 d. 

JERVIS,  Rev.  W.  Henley.  — The  Gallican  Church  and  the 
Revolution.  A Sequel  to  the  History  of  the  Church  of 
France,  from  the  Concordat  of  Bologna  to  the  Revolution. 
Demy  8vo,  i8.r. 
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JOEL , L. — A Consul’s  Manual  and  Shipowner’s  and  Ship- 
master’s Practical  Guide  in  their  Transactions 
Abroad.  With  Definitions  of  Nautical,  Mercantile,  and  Legal 
Terms;  a Glossary  of  Mercantile  Terms  in  English,  French, 
German,  Italian,  and  Spanish  ; Tables  of  the  Money,  Weights, 
and  Measures  of  the  Principal  Commercial  Nations  and  their 
Equivalents  in  British  Standards;  and  Forms  of  Consular  and 
Notarial  Acts.  Demy  8vo,  12 j. 

JOHNSTONE,  C.  F.,  M.A. — Historical  Abstracts:  being  Outlines 
of  the  History  of  some  of  the  less  known  States  of  Europe. 
Crown  8vo,  7 s.  6 d, 

JOLLY,  William,  F.R.S.E.,  etc.—'T'he  Life  of  John  Duncan, 
Scotch  Weaver  and  Botanist.  With  Sketches  of  his 
Friends  and  Notices  of  his  Times.  Large  crown  8vo,  with 
etched  portrait,  cloth,  9J. 

JONCOURT,  Madame  Marie  de. — Wholesome  Cookery.  Crown 
8vo,  3J.  6 d. 

JONES,  C.  A. — The  Foreign  Freaks  of  Five  Friends.  With  30 
Illustrations.  Crown  8vo,  6s. 

JONES,  Lucy. — Puddings  and  Sweets  ”,  being  Three  Hundred  and 
Sixty-five  Receipts  approved  by  experience.  Crown  8vo,  2s.  6 d. 

JOYCE,  P.  W.,  LL.D.,  etc. — Old  Celtic  Romances.  Translated 
from  the  Gaelic.  Crown  8vo,  7 s.  6d. 

JOYNES,  J.  Z. — The  Adventures  of  a Tourist  in  Ireland. 
Second  edition.  Small  crown  8vo,  cloth,  2 s.  6 d. 

KAUFMANN,  Rev.  M.,  B.A. — Socialism  : its  Nature,  its  Dangers, 
and  its  Remedies  considered.  Crown  8vo,  "]s.  6 d. 

Utopias  ; or,  Schemes  of  Social  Improvement,  from  Sir  Thomas 
More  to  Karl  Marx.  Crown  8vo,  $s. 

RAY,  Joseph. — Free  Trade  in  Land.  Edited  by  his  Widow.  With 
Preface  by  the  Right  Hon.  John  Bright,  M.P.  Sixth  Edition. 
Crown  8vo,  5J. 

KEMPIS,  Thomas  h. — Of  the  Imitation  of  Christ.  Parchment 
Library  Edition,  6s.  ; or  vellum,  7j.  6 d.  The  Red  Line  Edition, 
fcap.  8vo,  red  edges,  2s.  6 d.  The  Cabinet  Edition,  small  8vo, 
cloth  limp,  ij.  ; cloth  boards,  red  edges,  is.  6 d.  The  Miniature 
Edition,  red  edges,  32mo,  ij. 

***  All  the  above  Editions  may  be  had  in  various  extra  bindings. 

KENT,  C—  Corona  Catholica  ad  Petri  successoris  Pedes 
Oblata.  De  Summi  Pontiflcis  Leonis  XIII.  As- 
sumptione  Epigramma.  In  Quinquaginta  Linguis.  Fcap. 
4to,  15s. 

KEENER,  Dr.  A. — Flowers  and  their  Unbidden  Guests. 
Translation  edited  by  W.  Ogle,  M.A.,  M.D.  With  Illustrations., 
Square  8vo,  9J. 


i6 


A List  of 


KETTLEWELL , Rev.  S. — Thomas  a Kempis  and  the  Brothers 
of  Common  Life.  2 vols.  With  Frontispieces.  Demy  8vo, 
30J. 

KIDD , Joseph , M.D. — The  Laws  of  Therapeutics  ; or,  the  Science 
and  Art  of  Medicine.  Second  Edition.  Crown  8vo,  6s. 

KINAHAN \ G.  Henry,  M.R.I.A. — The  Geology  of  Ireland,  with 
numerous  Illustrations  and  a Geological  Map  of  Ireland.  Square 
8vo,  15J. 

KINGSFORD,  Anna , M.D. —The  Perfect  Way  in  Diet.  A 
Treatise  advocating  a Return  to  the  Natural  and  Ancient  Food  of 
our  Race.  Small  crown  8vo,  2 s, 

KINGSLEY,  Charles,  M.A. — Letters  and  Memories  of  his  Life. 

Edited  by  his  Wife.  With  two  Steel  Engraved  Portraits,  and 
Vignettes  on  Wood.  Eleventh  Cabinet  Edition.  2 vols.  Crown 

8vO,  I2J. 

All  Saints’  Day,  and  other  Sermons.  Edited  by  the  Rev.  W. 
Harrison.  Third  Edition.  Crown  8vo,  7s.  6 d. 

True  Words  for  Brave  Men.  A Book  for  Soldiers’  and 
Sailors’  Libraries.  Eighth  Edition.  Crown  8vo,  2 s.  6 d. 

KNIGHT,  Professor  IF.— Studies  in  Philosophy  and  Literature. 
Large  Post  8vo,  ys.  6 d. 

KNOX,  Alexander  A. — The  New  Playground  ; or,  Wanderings  in 
Algeria.  New  and  cheaper  edition.  Large  crown  8vo,  6s. 

LA  URLE , S.  S. — The  Training  of  Teachers,  and  other  Educational 
Papers.  Crown  8vo,  ys.  6d. 

LEE,  Rev.  F.  G.,  D.C.L.— The  Other  World  *,  or,  Glimpses  of  the 
Supernatural.  2 vols.  A New  Edition.  Crown  8vo,  15-r. 

LEWLS,  Edward  Dillon. — A Draft  Code  of  Criminal  Law  and 
Procedure.  Demy  8vo,  21s. 

LINDSA  Y,  W.  Lauder,  M.D. — Mind  in  the  Lower  Animals  in 
Health  and  Disease.  2 vols.  Demy  8vo,  32J. 

Vol.  I.— Mind  in  Health.  Vol.  II.— Mind  in  Disease. 

LLOYD,  Waller.— The  Hope  of  the  World  : An  Essay  on  Universal 
Redemption.  Crown  8vo,  5^. 

LONSDALE,  Margaret. — Sister  Dora  : a Biography.  With  Portrait. 
Twenty-fifth  Edition.  Crown  8vo,  2 s.  6 d. 

LORLMER,  Peter,  D.D. — John  Knox  and  the  Church  of  Eng- 
land. His  Work  in  her  Pulpit,  and  his  Influence  upon  her 
Liturgy,  Articles,  and  Parties.  Demy  8vo,  12 s. 

John  Wiclif  and  his  English  Precursors.  By  Gerhard 
Victor  Lechler.  Translated  from  the  German,  with  additional 
Notes.  New  and  Cheaper  Edition.  Demy  8vo,  iar.  6d. 
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LOWDER , Charles. — A Biography.  Ey  the  Author  of  “ St.  Teresa.” 
New  and  Cheaper  Edition.  Crown  8vo.  With  Portrait.  3-f.  6d. 

MACHIAVELLI,  Niccoli.  The  Prince.  Translated  from  the  Italian 
by  N.  H.  T.  Small  crown  8vo,  printed  on  hand-made  paper, 
bevelled  boards,  6s. 

MACKENZIE , Alexander. — How  India  is  Governed.  Being  an 
Account  of  England’s  work  in  India.  Small  crown  8vo,  2 s. 

MACNAUGHT Rev.  John. — Goena  Domini  : An  Essay  on  the  Lord’s 
Supper,  its  Primitive  Institution,  Apostolic  Uses,  and  Subsequent 
History.  Demy  8vo,  14J. 

MAGNUS , Mrs. — About  the  Jews  since  Bible  Times.  From  the 
Babylonian  Exile  till  the  English  Exodus.  Small  crown  8vo,  6j. 

MAIR,  R.  S.,  M.D. , F.R.  C.S.E. — The  Medical  Guide  for  Anglo- 
Indians.  Being  a Compendium  of  Advice  to  Europeans  in 
India,  relating  to  the  Preservation  and  Regulation  of  Health. 
With  a Supplement  on  the  Management  of  Children  in  India. 
Second  Edition.  Crown  8vo,  limp  cloth,  3J.  6d. 

MANNING , His  Eminence  Cardinal. — The  True  Story  of  the 
Vatican  Council.  Crown  8vo,  5J. 

Many  Voices.  Crown  8vo,  cloth  extra,  red  edges,  6s. 

MARKHAM , Capt.  Albert  Hastings,  R.N. — The  Great  Frozen  Sea  : 
A Personal  Narrative  of  the  Voyage  of  the  Alert  during  the  Arctic 
Expedition  of  1875-6.  With  6 Full-page  Illustrations,  2 Maps, 
and  27  Woodcuts.  Fifth  and  Cheaper  Edition.  Crown  8vo,  6j. 

A Polar  Reconnaissance  : being  the  Voyage  of  the  Isbjorn 
to  Novaya  Zemlya  in  1879.  With  10  Illustrations.  Demy  8vo,  i6j. 

Marriage  and  Maternity  ; or,  Scripture  Wives  and  Mothers.  Small 
crown  8vo,  4 s.  6d. 

MARTINEAU,  Gertrude. — Outline  Lessons  on  Morals.  Small 
crown  8vo,  31.  6d. 

McGRATH,  Terence. — Pictures  from  Ireland.  New  and  Cheaper 
Edition.  Crown  8vo,  2 s. 

MEREDITH,  M.A. — Theotokos,  the  Example  for  Woman. 

Dedicated,  by  permission,  to  Lady  Agnes  Wood.  Revised  by 
the  Venerable  Archdeacon  Denison.  321110,  limp  cloth,  u.  6d. 

MILLER,  Edward. — The  History  and  Doctrines  of  Irvingism  ; 
or,  the  so-called  Catholic  and  Apostolic  Church.  2 vols.  Large 
post  8vo,  2$s. 

The  Church  in  Relation  to  the  State.  Large  crown  8vo, 
‘js.  6d. 

MILNE,  James.. — Tables  of  Exchange  for  the  Conversion  of  Sterling 
Money  into  Indian  and  Ceylon  Currency,  at  Rates  from  i^.  Sd.  to 
2s.  3 d,  per  Rupee.  Second  Edition.  Demy  8vo,  £2  2 s. 

MINCHIN , y.  G. — Bulgaria  since  the  W"ar  : Notes  of  a Tour  in 
the  Autumn  of  1879.  Small  crown  8vo,  3J.  6d. 
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MLVART,  St.  George. — Nature  and  Thought : An  Introduction  to  a 
Natural  Philosophy.  Demy  8vo,  cloth,  ior.  6d. 

MOCKLER , E. — A Grammar  of  the  Baloochee  Language,  as 
it  is  spoken  in  Makran  (Ancient  Gedrosia),  in  the  Persia-Arabic 
and  Roman  characters.  Fcap.  8vo,  5 s. 

MOLES  IVOR  TH,  Rev.  IV.  Nassau,  M.A. — History  of  the  Church 
of  England  from  1660.  Large  crown  8vo,  Js.  6d. 

MORELL,  J.  R. — Euclid  Simplified  in  Method  and  Language. 

Being  a Manual  of  Geometry.  Compiled  from  the  most  important 
French  Works,  approved  by  the  University  of  Paris  and  the 
Minister  of  Public  Instruction.  Fcap.  8vo,  2 s.  6 d. 

MORSE,  E.  S.,  Ph.D. — First  Book  of  Zoology.  With  numerous 
Illustrations.  New  and  Cheaper  Edition.  Crown  8vo,  2 s.  6 d. 

MURPHY,  John  Nicholas. — The  Chair  of  Peter ; or,  the  Papacy 
considered  in  its  Institution,  Development,  and  Organization,  and 
in  the  Benefits  which  for  over  Eighteen  Centuries  it  has  conferred 
on  Mankind.  Demy  8vo,  cloth,  i8j, 

MUNRO,  Major-Gen.  Sir  Thomas,  Bart.,  K.C.B.,  Governor  of  Madras. 
— Selections  from  his  Minutes  and  other  Official 
Writings.  Edited,  with  an  Introductory  Memoir,  by  Sir  Alex- 
ander Arbuthnot,  K.C.S.I.,  C.I.E.  2 vols.  Demy  8vo,  30L 

NELSON,  J.  H,  M.A. — A Prospectus  of  the  Scientific  Study 
of  the  Hindu  Law.  Demy  8vo,  gs. 

NEWMAN,  J.  H.,  D.D. — Characteristics  from  the  Writings 
of.  Being  Selections  from  his  various  Works.  Arranged  with 
the  Author’s  personal  Approval.  Sixth  Edition.  With  Portrait. 
Crown  8vo,  6s. 

%*  A Portrait  of  Cardinal  Newman,  mounted  for  framing,  can  be 
had,  2 s.  6 d. 

New  Werther.  By  Loki.  Small  crown  8vo,  2 s.  6d. 

NICHOLSON,  Edward  Byron.— The  Gospel  according  to  the 
Hebrews.  Its  Fragments  Translated  and  Annotated  with  a 
Critical  Analysis  of  the  External  and  Internal  Evidence  relating 
to  it.  Demy  8vo,  gs.  6d. 

A New  Commentary  on  the  Gospel  according  to 
Matthew.  Demy  8vo,  12s. 

The  Rights  of  an  Animal.  Crown  8vo,  3J.  6d. 

NJCOLS,  Arthur,  F.G.S.,  F.R.G.S. — Chapters  from  the  Physical 
History  of  the  Earth : an  Introduction  to  Geology  and 
Palaeontology.  With  numerous  Illustrations.  Crown  8vo,  5*. 

NO  PS,  Marianne. — Glass  Lessons  on  Euclid.  Part  I.  containing 
the  First  two  Books  of  the  Elements.  Crown  8vo,  cloth,  2 s.  6 d. 

Notes  on  St.  Paul’s  Epistle  to  the  Galatians.  For  Readers  of 
the  Authorised  Version  or  the  Original  Greek.  Demy  8vo,  2 s.  6 d. 
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Nuces : Exercises  on  the  Syntax  of  the  Public  School  Latin 
Primer.  New  Edition  in  Three  Parts.  Crown  8vo,  each  is. 

%*  The  Three  Parts  can  also  be  had  bound  together,  3*. 

OATES , Frank , F.R.G.S.— Matabele  Land  and  the  Victoria 
’Falls.  A Naturalist’s  Wanderings  in  the  Interior  of  South 
Africa.  Edited  by  C.  G.  Oates,  B.A.  With  numerous  Illustra- 
tions and  4 Maps.  Demy  8vo,  2 is. 

OGLE,  W.,  M.D.,  F.R.C.P.— Aristotle  on  the  Parts  of  Animals. 
Translated,  with  Introduction  and  Notes.  Royal  8vo,  12 s.  6d. 

O'MEARA,  Kathleen. — Frederic  Ozanam,  Professor  of  the  Sorbonne  : 
Plis  Life  and  Work.  Second  Edition.  Crown  8vo,  7 s.  6d. 

Henri  Perreyve  and  his  Counsels  to  the  Sick.  Small 
crown  8vo,  5j. 

OSBORNE,  Rev.  W.  A. —The  Revised  Version  of  the  New  Tes- 
tament. A Critical  Commentary,  with  Notes  upon  the  Text. 
Crown  8vo,  cloth,  5j. 

OTTLEY,  H.  Bickersteth.  — The  Great  Dilemma.  Christ  His  Own 
Witness  or  His  Own  Accuser.  Six  Lectures.  Second  Edition. 
Crown  8vo,  cloth,  3.?.  6d. 

Our  Public  Schools — Eton,  Harrow,  Winchester,  Rugby, 
Westminster,  Marlborough,  The  Charterhouse. 
Crown  8vo,  6s. 

OWEN,  F.  M. — John  Keats  : a Study.  Crown  8vo,  6s. 

OWEN,  Rev.  Robert,  B.D. — Sanctorale  Catholicum  ; or,  Book  of 
Saints.  With  Notes,  Critical,  Exegetical,  and  Historical.  Demy 
8vo,  i8j. 

An  Essay  on  the  Communion  of  Saints.  Including  an 
Examination  of  the  Cultus  Sanctorum.  2 s. 

OXENHAM,  Rev.  F.  Nutcombe. — What  is  the  Truth  as  to  Ever- 
lasting Punishment.  Part  II.  Being  an  Historical  Inquiry 
into  the  Witness  and  Weight  of  certain  Anti-Origenist  Councils. 
Crown  8vo,  is.  6 d. 

***  Parts  I.  and  II.  complete  in  one  volume,  *js. 

OXONIENSES. — Romanism,  Protestantism,  Anglicanism. 
Being  a Layman’s  View  of  some  questions  of  the  Day.  Together 
with  Remarks  on  Dr.  Littledale’s  “Plain  Reasons  against  join- 
ing the  Church  of  Rome.”  Crown  8vo,  cloth,  3J.  6d. 

PALMER,  the  late  William. — Notes  of  a Visit  to  Russia  in 
1840-1841.  Selected  and  arranged  by  John  H.  Cardinal 
Newman,  with  portrait.  Crown  8vo,  cloth,  8r.  6d. 

Parchment  Library.  Choicely  Printed  on  hand-made  paper,  limp 
parchment  antique,  6s.  ; vellum,  ’js.  6 d.  each  volume. 

French  Lyrics.  Selected  and  Annotated  by  George  Saints- 
bury.  With  a minature  frontispiece  designed  and  etched  by 
H.  G.  Glindoni. 
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Parchment  Library. — continued. 

The  Fables  of  Mr.  John  Gay.  With  Memoir  by  Austin 
Dobson,  and  an  etched  portrait  from  an  unfinished  Oil  Sketch 
by  Sir  Godfrey  Kneller. 

Select  Letters  of  Percy  Bysshe  Shelley.  Edited,  with  an 
Introduction,  by  Richard  Garnett. 

The  Christian  Year.  Thoughts  in  Verse  for  the  Sundays  and 
Holy  Days  throughout  the  Year.  With  Miniature  Portrait  of  the 
Rev.  J.  Keble,  after  a Drawing  by  G.  Richmond,  R.A. 

Shakspere’s  Works.  Now  publishing  in  Twelve  Monthly 
Volumes. 

Eighteenth  Century  Essays.  Selected  and  Edited  by  Austin 
Dobson.  With  a Miniature  Frontispiece  by  R.  Caldecott. 

Q.  Horati  Flacci  Opera.  Edited  by  F.  A.  Cornish,  Assistant 
Master  at  Eton.  With  a Frontispiece  after  a design  by  L.  Alma 
Tadema,  etched  by  Leopold  Lowenstam. 

Edgar  Allan  Poe’s  Poems.  With  an  Essay  on  his  Poetry  by 
Andrew  Lang,  and  a Frontispiece  by  Linley  Sambourne. 

Shakspere’s  Sonnets.  Edited  by  Edward  Dowden.  With  a 
Frontispiece  etched  by  Leopold  Lowenstam,  after  the  Death  Mask. 

English  Odes.  Selected  by  Edmund  W.  Gosse.  With  Frontis- 
piece on  India  paper  by  Hamo  Thornycroft,  A. R.A. 

Of  the  Imitation  of  Christ.  By  Thomas  A.  Kempis.  A 
revised  Translation.  With  Frontispiece  on  India  paper,  from  a 
Design  by  W.  B.  Richmond. 

Tennyson’s  The  Princess : a Medley.  With  a Miniature 
Frontispiece  by  IP.  M.  Paget,  and  a Tailpiece  in  Outline  by 
Gordon  Browne. 

Poems : Selected  from  Percy  Bysshe  Shelley.  Dedicated  to 
Lady  Shelley.  With  a Preface  by  Richard  Garnett  and_  a 
Miniature  Frontispiece. 

Tennyson’s  “ In  Memoriam."  With  a Miniature  Portrait 
in  eau- forte  by  Le  Rat,  after  a Photograph  by  the  late  Mrs. 
Cameron. 

PARKER,  Joseph, D.D. — The  Paraclete:  An  Essay  on  the  Personality 
and  Ministry  of  the  Holy  Ghost,  with  some  reference  to  current 
discussions.  Second  Edition.  Demy  8vo,  12 s. 

PARR,  Capt.  H.  Hallam,  C.M.G. — A Sketch  of  the  Kafir  and 
Zulu  Wars  : Guadana  to  Isandhlwana.  With  Maps.  Small 
crown  8vo,  5j. 

PARSLOE,  Joseph. — Our  Railways.  Sketches,  Historical  and 
Descriptive.  With  Practical  Information  as  to  Fares  and  Rates, 
etc.,  and  a Chapter  on  Railway  Reform.  Crown  8vo,  6.r. 
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PATTISON,  Mrs.  Mark. — The  Renaissance  of  Art  in  France. 
With  Nineteen  Steel  Engravings.  2 vols.  Demy  8vo,  32 s. 

PEARSON \ Rev.  S. — Week-day  Living.  A Book  for  Young  Men 
and  Women.  Second  Edition.  Crown  8vo,  5^. 

PENRICE,  Maj.  J.,  B.A. — A Dictionary  and  Glossary  of  the 
Ko-ran.  With  Copious  Grammatical  References  and  Explana- 
tions of  the  Text.  4to,  2 is. 

PESCHEL,  Dr.  Oscar. — The  Races  of  Man  and  their  Geo- 
graphical Distribution.  Large  crown  8vo,  gs. 

PETERS,  F.  H. — The  Nicomachean  Ethics  of  Aristotle.  Trans- 
lated by.  Crown  8vo,  6s. 

FIDGEON \ D. — An  Engineer’s  Holiday  ; or,  Notes  of  a Round 
Trip  from  Long.  o°  to  o°.  New  and  cheaper  edition.  Large 
crown  8vo,  7 s.  6 d. 

PLAYFAIR,  Lieut. -Col. — Travels  in  the  Footsteps  of  Bruce  in 
Algeria  and  Tunis.  Illustrated  by  facsimiles  of  Bruce’s 
original  Drawings,  Photographs,  Maps,  etc.  Royal  4to  cloth, 
bevelled  boards,  gilt  leaves,  ^3  3J. 

POLLOCK,  Frederick. — Spinoza,  his  Life  and  Philosophy. 
Demy  8vo,  i6j. 

POLLOCK,  W.  H. — Lectures  on  French  Poets.  Delivered  at  the 
Royal  Institution.  Small  crown  8vo,  5-u 

POOR,  Laura  E. — Sanskrit  and  its  Kindred  Literatures. 
Studies  in  Comparative  Mythology.  Small  crown  8vo,  5^. 

PRICE,  Prof.  Bonamy. — Currency  and  Banking.  Crown  8vo,  6s. 

Chapters  on  Practical  Political  Economy.  Being  the  Sub- 
stance of  Lectures  delivered  before  the  University  of  Oxford. 
New  and  Cheaper  Edition.  Large  post  8vo,  5-y. 

Proteus  and  Amadeus.  A Correspondence.  Edited  by  Aubrey 
De  Vere.  Crown  8vo,  5 s . 

Pulpit  Commentary,  The.  (Old  Testament  Series.)  Edited  by  the 
Rev.  J.  S.  Exell  and  the  Rev.  Canon  H.  D.  M.  Spence. 

Genesis.  By  the  Rev.  T.  Whitelaw,  M.A.  ; with  Homilies  by 
the  Very  Rev.  J.  F.  Montgomery,  D.D.,  Rev.  Prof.  R.  A. 
Redford,  M.A.,  LL.B.,  Rev.  F.  Hastings,  Rev.  W. 
Roberts,  M.A.  An  Introduction  to  the  Study  of  the  Old 
Testament  by  the  Rev.  Canon  Farrar,  D.D.,  F.R.  S.  ; and 
Introductions  to  the  Pentateuch  by  the  Right  Rev.  H.  Cot- 
terill,  D.D.,  and  Rev.  T.  Whitelaw,  M.A.  Seventh  Edition. 
1 vol.,  15J. 

Exodus.  By  the  Rev.  Canon  Rawlinson.  With  Homilies  by 
Rev.  J.  Orr,  Rev.  D.  Young,  Rev.  C.  A.  Goodiiart,  Rev.  J. 
Urquiiart,  and  the  Rev.  PI.  T.  Robjoiins.  Third  Edition. 
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Pulpit  Commentary,  The.— continued. 

Leviticus.  By  the  Rev.  Prebendary  Meyrick,  M.A.  With 
Introductions  by  the  Rev.  R.  Collins,  Rev.  Professor  A.  Cave, 
and  Homilies  by  Rev.  Prof.  Redford,  LL.  B.,  Rev.  J.  A. 
Macdonald,  Rev.  W.  Clarkson,  Rev.  S.  R.  Aldridge, 
LL.B.,  and  Rev.  McCheyne  Edgar.  Third  Edition.  15J. 

Numbers.  By  the  Rev.  R.  Winterbotham,  LL.B.  ; with 
Plomilies  by  the  Rev.  Professor  W.  Binnie,  D.D.,  Rev.  E.  S. 
Prout,  M.A.,  Rev.  D.  Young,  Rev.  J.  Waite,  and  an  Intro- 
duction by  the  Rev.  Thomas  Whitelaw,  M.A.  Fourth 
Edition.  15J. 

Deuteronomy.  By  the  Rev.  W.  L.  Alexander,  D.D.  With 
Homilies  by  Rev.  C.  Clemance,  D.D.,  Rev.  J.  Orr,  B.D.,  Rev. 

R.  M.  Edgar,  M.A.,  Rev.  D.  Davies,  M.A.  Second  edition. 

15J. 

Joshua.  By  Rev.  J.  J.  Lias,  M.A.  ; with  Homilies  by  Rev. 

S.  R.  Aldridge,  LL.B.,  Rev.  R.  Glover,  Rev.  E.  De 
Pressens£,  D.D.,  Rev.  J.  Waite,  B.A.,  Rev.  F.  W.  Adeney, 
M.A.  ; and  an  Introduction  by  the  Rev.  A.  Plummer,  M.A.,  D.D. 
Fourth  Edition.  12s.  6 d. 

Judges  and  Ruth.  By  the  Right  Rev.  Lord  A.  C.  Hervey, 
D.D.,  and  Rev.  J.  Morrison,  D.D.  ; with  Homilies  by  Rev. 
A.  F.  Muir,  M.A.,  Rev.  W.  F.  Adeney,  M.A.,  Rev.  W.  M. 
Statham,  and  Rev.  Professor  J.  Thomson,  M.A.  Fourth 
Edition,  ioj.  6 d. 

1 Samuel.  By  the  Very  Rev.  R.  P.  Smith,  D.D. ; with  Homilies 
by  Rev.  Donald  Fraser,  D.D.,  Rev.  Prof.  Chapman,  and 
Rev.  B.  Dale.  Fifth  Edition.  15L 
I Kings.  By  the  Rev.  Joseph  Hammond,  LL.B.  With  Homilies 
by  the  Rev.  E.  De  Pressens£,  D.D.,  Rev.  J.  Waite,  B.A., 
Rev.  A.  Rowland,  LL.B.,  Rev.  J.  A.  Macdonald,  and  Rev. 
J.  Urquhart.  Third  Edition.  15^ 

Ezra,  Nehemiah,  and  Esther.  By  Rev.  Canon  G.  Rawlinson, 
M.A.  ; with  Homilies  by  Rev.  Prof.  J.  R.  Thomson,  M.A.,  Rev. 
Prof.  R.  A.  Redford,  LL.B.,  M.A.,  Rev.  W.  S.  Lewis,  M.A., 
Rev.  J.  A.  Macdonald,  Rev.  A.  Mackennal,  B.A.,  Rev.  W. 
Clarkson,  B.A.,  Rev.  F.  Hastings,  Rev.  W.  Dinwiddie, 
LL.B.,  Rev.  Prof.  Rowlands,  B.A.,  Rev.  G.  Wood,  B.A., 
Rev.  Prof.  P.  C.  Barker,  LL.B.,  M.A.,  and  the  Rev.  J.  S. 
Exell.  Fifth  Edition.  1 vol.,  I2j.  6 d. 

Pulpit  Commentary,  The.  (New  Testament  Series.) 

St.  Mark.  By  Very  Dean  Bickersteth,  D.D.  ; with  Plomilies 
by  Rev.  Prof.  Thomson,  M.A,,  Rev.  Prof.  Given,  M.A.,  Rev. 
Prof.  Johnson,  M.A.,  Rev.  A.  Rowland,  B.A.,  LL.B.,  Rev. 
A.  Muir,  and  Rev.  R.  Green.  2 vols.  Second  Edition.  2 ij, 

Punjaub,  The,  and  North-Western  Frontier  of  India.  By 
an  Old  Punjaubee.  Crown  8vo,  5*. 

Rabbi  Jesbua.  An  Eastern  Story.  Crown  Svo,  3^.  6d. 
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RADCLIFFE,  Frank  R.  Y.— The  New  Politicus.  Small  crown  8vo, 

2 s.  6d. 

RAVENSHAW,  John  Henry,  R.  C.A.— Gaur  : Its  Ruins  and  In- 
scriptions. Edited  by  his  Widow.  With  44  Photographic 
Illustrations,  and  25  facsimiles  of  Inscriptions.  Royal  4to, 
£3  13^ 

READ,  Carveth. — On  the  Theory  of  Logic  : An  Essay.  Crown 
8vo,  6s. 

Realities  of  the  Future  Life.  Small  crown  8vo,  is.  6d. 

RENDELL,  J.  M. — Concise  Handbook  of  the  Island  of 
Madeira.  With  Plan  of  Funchal  and  Map  of  the  Island.  Fcap. 
8vo,  is.  6d. 

REYNOLDS,  Rev.  J.  W. — The  Supernatural  in  Nature.  _ A 
Verification  by  Free  Use  of  Science.  Second  Edition,  revised 
and  enlarged.  Demy  8vo,  14.J. 

The  Mystery  of  Miracles.  New  and  Enlarged  Edition. 
Crown  8vo,  6s. 

RIBOT,  Prof.  Th. — English  Psychology.  Second  Edition.  A 
Revised  and  Corrected  Translation  from  the  latest  French  Edition. 
Large  post  8vo,  gs. 

Heredity  : A Psychological  Study  on  its  Phenomena,  its  Laws,  its 
Causes,  and  its  Consequences.  Large  crown  8vo,  9 s. 

ROBERTSON,  The  late  Rev.  F.  IV.,  ALA. — Life  and  Letters  of. 
Edited  by  the  Rev.  Stopford  Brooke,  M.A. 

I.  Two  vols.,  uniform  with  the  Sermons.  With  Steel  Portrait. 

Crown  8vo,  js.  6 d. 

II.  Library  Edition,  in  Demy  8vo,  with  Portrait.  I2J. 

III.  A Popular  Edition,  in  1 vol.  Crown  8vo,  6s. 

Sermons.  Four  Series.  Small  crown  8vo,  3J.  6 d.  each. 

The  Human  Race,  and  other  Sermons.  Preached  at  Chelten- 
ham, Oxford,  and  Brighton.  Large  post  8vo,  Js.  6 d. 

Notes  on  Genesis.  New  and  Cheaper  Edition.  Crown  8vo, 
3-r.  6d. 

Expository  Lectures  on  St.  Paul’s  Epistles  to  the 
Corinthians.  A New  Edition.  Small  crown  8vo,  $s. 

Lectures  and  Addresses,  with  other  Literary  Remains.  A New 
Edition.  Crown  8vo,  5r. 

An  Analysis  of  Mr.  Tennyson’s  “ In  Memoriam.” 
(Dedicated  by  Permission  to  the  Poet-Laureate.)  Fcap.  8vo,  2 s. 

The  Education  of  the  Human  Race.  Translated  from  the 
German  of  Gotthold  Ephraim  Lessing.  Fcap.  8vo,  2s.  6 d. 

The  above  Works  can  also  be  had,  bound  in  half  morocco. 

A Portrait  of  the  late  Rev.  F.  W.  Robertson,  mounted  for  framing, 
can  be  had,  2 s.  6d, 
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ROD  WELL,  G.  R,  R.R.A.S.,  F.C.S.- Etna:  A History  of  the 
Mountain  and  its  Eruptions.  With  Maps  and  Illustra- 
tions. Square  8vo,  9 s. 

ROLLESTOH,  T.  W.  H.,  B.A. — The  Encheiridion  of  Epictetus. 
Translated  from  the  Greek,  with  a Preface  and  Notes.  Small 
crown  8vo,  3J.  6d. 

Rosmini’s  Origin  of  Ideas.  Translated  from  the  Fifth  Italian 
Edition  of  the  Nuovo  Saggio  SulV  origine  delle  idee.  3 vols. 
Demy  8vo,  cloth.  Vol.  I.  now  ready,  price  1 6s. 

Rosmini’s  Philosophical  System.  Translated,  with  a Sketch  cf 
the  Author’s  Life,  Bibliography,  Introduction,  and  Notes  by 
Thomas  Davidson.  Demy  8vo,  i6j. 

rule , Martin,  M. A.—  The  Life  and  Times  of  St.  Anselm, 
Archbishop  of  Canterbury  and  Primate  of  the 
Britains.  2 vols.  Demy  8vo,  cloth,  21  s. 

SALTS,  Rev.  Alfred,  LL.D. — Godparents  at  Confirmation. 
With  a Preface  by  the  Bishop  of  Manchester.  Small  crown 
8vo,  limp  cloth,  2 s. 

SALVATOR,  Archduke  Ludwig. — Levkosia,  the  Capital  of  Cyprus. 
Crown  4to,  ioj.  6d. 

SAMUEL,  Sydney  M. — Jewish  Life  in  the  East.  Small  crown 
8vo,  3J.  6d. 

SAYCE,  Rev.  Archibald  Henry. — Introduction  to  the  Science  of 
Language.  2 vols.  Large  post  8vo,  251. 

Scientific  Layman.  The  New  Truth  and  the  Old  Faith  : are  they 
Incompatible  ? Demy  8vo,  ior.  6 d. 

SCOONES,  W.  Baptiste. — Four  Centuries  of  English  Letters  : 
A Selection  of  350  Letters  by  150  Writers,  from  the  Period  of  the 
Paston  Letters  to  the  Present  Time.  Second  Edition.  Large 
crown  8vo,  gs. 

SCOTT,  Robert  H. — Weather  Charts  and  Storm  Warnings. 
Second  Edition.  Illustrated.  Crown  8vo,  3 s.  6d. 

SHAKSPEARE,  Charles. — Saint  Paul  at  Athens.  Spiritual 
Christianity  in  relation  to  some  aspects  of  Modern  Thought.  Five 
Sermons  preached  at  St.  Stephen’s  Church,  Westboume  Park. 
With  a Preface  by  the  Rev.  Canon  Farrar.  Crown  8vo,  5j. 

SHELLE  Y,  Lady. — Shelley  Memorials  from  Authentic  Sources. 
With  (now  first  printed)  an  Essay  on  Christianity  by  Percy  Bysshe 
Shelley.  With  Portrait.  Third  Edition.  Crown  8vo,  5 s. 

SH1LLITO,  Rev.  Joseph. — Womanhood  : its  Duties,  Temptations, 
and  Privileges.  A Book  for  Young  Women.  Third  Edition. 
Crown  8vo,  3-f.  6d. 

SHIPLEY,  Rev.  Orby,  M.A. — Church  Tracts  : or,  Studies  in 
Modern  Problems.  By  various  Writers.  2 vols.  Crown 
8vo,  5j.  each. 
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SHIPLEY,  Rev.  Orby,  M.A. — continued. 

Principles  of  the  Faith  in  Relation  to  Sin.  Topics  for 
Thought  in  Times  of  Retreat.  Eleven  Addresses  delivered  during 
a Retreat  of  Three  Days  to  Persons  living  in  the  World.  Demy 
8vo,  12s. 

SPINNER,  the  late  James. — A Synopsis  of  Moral  and  Ascetical 
Theology.  With  a Catalogue  of  Ancient  and  Modern  Authori- 
ties. Arranged  according  to  Centuries.  With  a prefatory  Note 
by  Rev.  T.  T.  Carter.  Demy  4to,  cloth,  ior.  6d. 

Sister  Augustine,  Superior  of  the  Sisters  of  Charity  at  the  St. 

Johannis  Hospital  at  Bonn.  Authorised  Translation  by  Hans 
Tharau,  from  the  German  “Memorials  of  Amalie  von 
Lasaulx.”  Second  Edition.  Large  crown  8vo,  7 s.  6d. 

SMITH,  Edward,  M.D.,  LL.B.,  F.R.S. — Health  and  Disease,  as 
Influenced  by  the  Daily,  Seasonal,  and  other  Cyclical  Changes  in 
the  Human  System.  A New  Edition.  Post  8vo,  7-r.  6d. 

Tubercular  Consumption  in  its  Early  and  Remediable 
Stages.  Second  Edition.  Crown  8vo,  6s. 

SPEEDING,  James. — Reviews  and  Discussions,  Literary, 
Political,  and  Historical  not  relating  to  Bacon.  Demy 
8vo,  12s.  6 d. 

Evenings  with  a Reviewer ; or,  Bacon  and  Macaulay. 
With  a Prefatory  Notice  by  G.  S.  Venables,  Q.C.  2 vols. 
Demy  Svo,  i8j. 

STAFFER,  Paul. — Shakspeare  and  Classical  Antiquity: 
Greek  and  Latin  Antiquity  as  presented  in  Shalcspeare’s  Plays. 
Translated  by  Emily  J.  Carey.  Large  post  Svo,  12 s. 

ST,  BERNARD. — A Little  Book  on  the  Love  of  God.  Translated  by 
Marianne  Caroline  and  Coventry  Patmore.  Extra,  gilt 
top,  4-r.  6d. 

STEPHENS,  Archibald  John,  LL.D. — The  Folkestone  Ritual 
Case.  The  Substance  of  the  Argument  delivered  before  the 
Judicial  Committee  of  the  Privy  Council  on  behalf  of  the  Re- 
spondents. Demy  8vo,  6s. 

STEVENSON,  Rev.  W.  F. — Hymns  for  the  Church  and  Home. 
Selected  and  Edited  by  the  Rev.  W.  Fleming  Stevenson. 

The  Hymn  Book  consists  of  Three  Parts  : — I.  For  Public 
Worship.— II.  For  Family  and  Private  Worship. — III. 
For  Children. 

***  Published  in  various  forms  and  prices,  the  latter  ranging 
from  8 d.  to  6j. 

Lists  and  full  particulars  will  be  furnished  on  application 
to  the  Publishers. 

STEVENSON,  Robert  Louis. — Travels  with  a Donkey  in  the 
Cevennes.  With  Frontispiece  by  Walter  Crane.  Small  crown 
8vo,  2 s.  6 d. 
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STEVENSON , Robert  Louis. — continued. 

An  Inland  Voyage.  With  Frontispiece  by  Walter  Crane. 
Small  Crown  8vo,  2 s.  6d. 

Virginibus  Puerisque,  and  other  Papers.  Crown  8vo,  6s. 

STRA  CHE  Y,  Sir  John,  G.  C.S.I.,  and  Lieut. -Gen.  Richard  STRA  CHE  Y, 
R.E.,  F.R.S. — The  Finances  and  Public  Works  of 
India,  from  1869  to  1881.  Demy  8vo,  i8a 

STRECKER-  WLSLLCEATUS. — Organic  Chemistry.  Translated  and 
Edited,  with  Extensive  Additions,  by  W.  R.  Hodgkinson, 
Ph.D.,  and  A.  J.  Greenaway,  F.I.C.  Demy  8vo,  2U. 

SULLY,  James,  M.A. — Sensation  and  Intuition.  Demy  8vo, 
ioa  6 d. 

Pessimism  : a History  and  a Criticism.  Second  Edition.  Demy 
8 vo,  14A 

SYME,  David. — Outlines  of  an  Industrial  Science.  Second 
Edition.  Crown  8vo,  6a 

Representative  Government  in  England.  Its  Faults  and 
Failures.  Second  Edition.  Large  crown  8vo,  6s. 

TA  YLOR,  Algernon. — Guienne.  Notes  of  an  Autumn  Tour.  Crown 
8vo,  4-f.  6d. 

THOM,  J.  Hamilton. — Laws  of  Life  after  the  Mind  of  Christ. 
Crown  8 vo,  cloth,  7 a 6 d. 

THOMSON,  J.  Turnbull. — Social  Problems ',  or,  An  Inquiry 
into  the  Laws  of  Influence.  With  Diagrams.  Demy  8vo, 
ioa  6d. 

TIDMAN,  Paul  F. — Gold  and  Silver  Money.  Part  I. — A Plain 
Statement.  Part  II. — Objections  Answered.  Third  Edition. 
Crown  8vo,  is. 

TLPPLE,  Rev.  S.  A. — Sunday  Mornings  at  Norwood.  Prayers 
and  Sermons.  Crown  8vo,  cloth,  6s. 

TODHUNTER,  Dr.  J. — A Study  of  Shelley.  Crown  Svo,  ys. 

TREMENHEERE,  Hugh  Seymour,  C.B. — A Manual  of  the 
Principles  of  Government,  as  set  forth  by  the  Authorities 
of  Ancient  and  Modern  Times.  New  and  enlarged  Edition. 
Crown  Svo,  5a 

TUKE,  Daniel  Hack,  M.D.,  F.R.C.P. — Chapters  in  the  History 
of  the  Insane  in  the  British  Isles.  With  4 Illustrations. 
Large  crown  8vo,  12 s. 

TWLNLNG,  Louisa. — Workhouse  Visiting  and  Management 
during  Twenty-Five  Years.  Small  crown  Svo,  3a  6d. 

UPTON,  Major  R.  D.— Gleanings  from  the  Desert  of  Arabia. 
Large  post  Svo,  ioa  6d, 
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VACUUS,  Viator. — Flying  South.  Recollections  of  France  and  its 
Littoral.  Small  crown  Svo,  3J.  6 d. 

VAUGHAN,  H.  Halford. — New  Readings  and  Renderings  of 
Shakespeare’s  Tragedies.  2 vols.  Demy  8vo,  25J. 

VILLARI,  Professor. — Niccolo  Machiavelli  and  his  Times. 
Translated  by  Linda  Villari.  2 vols.  Large  post  Svo,  2\s. 

VOLCKXSOM,  E.  IV.  V. — Catechism  of  Elementary  Modern 
Chemistry.  Small  crown  8vo,  3J. 

VYNER,  Lady  Mary. — Every  Day  a Portion.  Adapted  from  the 
Bible  and  the  Prayer  Book,  for  the  Private  Devotion  of  those 
living  in  Widowhood.  Collected  and  Edited  by  Lady  Mary 
Vyner,  Square  crown  Svo,  5r. 

WALDSTEIN,  Charles,  Ph.D. — The  Balance  of  Emotion  and 
Intellect ; an  Introductory  Essay  to  the  Study  of  Philosophy. 
Crown  Svo,  6j. 

WALLER,  Rev.  C.  B. — The  Apocalypse,  reviewed  under  the  Light 
of  the  Doctrine  of  the  Unfolding  Ages,  and  the  Restitution  of  All 
Things.  Demy  Svo,  12 s. 

WALPOLE,  Chas.  George. — History  of  Ireland  from  the  Earliest 
Times  to  the  Union  with  Great  Britain.  With  5 Maps 
and  Appendices.  Crown  8vo,  ioj.  6d. 

YVALSHE,  Walter.  Hayle,  M.D. — Dramatic  Singing  Physiolo- 
gically Estimated.  Crown  Svo,  3 s.  6d. 

WATSON,  Sir  Thomas,  Bart.,  M.D. — The  Abolition  of  Zymotic 
Diseases,  and  of  other  similar  Enemies  of  Mankind.  Small 
crown  8vo,  3^.  6d. 

WEDMORE,  Frederick. — The  Masters  of  Genre  Painting.  With 
Sixteen  Illustrations.  Crown  8vo,  'js.  6d. 

WIIEWELL,  William,  D.D.—VLis  Life  and  Selections  from  his 
Correspondence.  By  Mrs.  Stair  Douglas.  With  a Portrait 
from  a Painting  by  Samuel  Laurence.  Demy  Svo,  2 is. 

WHITE,  A.  D .,  LL.D. — Warfare  of  Science.  With  Prefatory 
Note  by  Professor  Tyndall.  Second  Edition.  Crown  Svo, 
3r.  6 d. 

WHITE , F.  A.—  English  Grammar.  Small  crown  Svo,  cloth,  2 s. 

WHITNEY,  Prof.  William  Dwight.  — Essentials  of  English 
Grammar,  for  the  Use  of  Schools.  Crown  Svo,  3J.  6d. 

WICKSTEED , P.  H. — Dante  : Six  Sermons.  Crown  Svo,  5 s. 

WILLIAMS,  Rowland,  D.D. — Psalms,  Litanies,  Counsels,  and 
Collects  for  Devout  Persons.  Edited  by  his  Widow.  New 
and  Popular  Edition.  Crown  8vo,  3 s.  6d. 
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WILLIAMS , Rowland  D.D. — continued. 

Stray  Thoughts  Collected  from  the  Writings  of  the 
late  Rowland  Williams,  D.D.  Edited  by  his  Widow. 
Crown  8vo,  3j.  6d. 

WILLIS,  R.,  M.D. — Servetus  and  Calvin  : a Study  of  an  Important 
Epoch  in  the  Early  History  of  the  Reformation.  8vo,  1 6s. 

William  Harvey.  A History  of  the  Discovery  of  the  Circulation 
of  the  Blood  : with  a Portrait  of  Harvey  after  Faithorne.  Demy 
8 vo,  14J. 

WILSON,  Sir  Erasmus. — Egypt  of  the  Past.  With  Ghromo-litho- 
graph  and  numerous  Illustrations  in  the  text.  Second  Edition, 
Revised.  Crown  8vo,  12 s. 

WILSON,  H.  Schiitz. — The  Tower  and  Scaffold.  A Miniature 
Monograph.  Large  fcap.  8vo,  is. 

WOLLSTONE CRAFT,  Mary. — Letters  to  Imlay.  New  Edition, 
with  a Prefatory  Memoir  by  C.  Kegan  Paul.  Two  Portraits  in 
eau-forte  by  Anna  Lea  Merritt.  Crown  8vo,  6s. 

WOLTMANN,  Dr.  Alfred,  and  WOERMANN,  Dr.  Karl.— History 
of  Painting.  Edited  by  Sidney  Colvin.  Vol.  I.  Painting  in 
Antiquity  and  the  Middle  Ages.  With  numerous  Illustrations. 
Medium  8vo,  28j.  ; bevelled  boards,  gilt  leaves,  30s. 

WOOD,  Major-General  J.  Creighton. — Doubling  the  Consonant. 
Small  crown  8vo,  is.  6 d. 

Word  was  Made  Flesh.  Short  Family  Readings  on  the  Epistles  for 
each  Sunday  of  the  Christian  Year.  Demy  8vo,  ioj.  6 d. 

WREN,  Sir  Christopher. — H is  Family  and  His  Times.  With 
Original  Letters,  and  a Discourse  on  Architecture  hitherto  un- 
published. By  Lucy  Phillimore.  With  Portrait.  Demy 
8 vo,  14^. 

WRIGHT,  Rev.  David,  M.A.— Waiting  for  the  Light,  and  other 
Sermons.-  Crown  8vo,  6s. 

YORKE,  J.  F. — Notes  on  Evolution  and  Christianity.  Crown 
8vo,  cloth,  6s. 

YOUMANS,  Eliza  A.— An  Essay  on  the  Culture  of  the 
Observing  Powers  of  Children,  especially  in  connection 
with  the  Study  of  Botany.  Edited,  with  Notes  and  a Supple- 
ment, by  Joseph  Payne,  F.C.P.,  Author  of  “Lectures  on  the 
Science  and  Art  of  Education,”  etc.  Crown  8vo,  2 s.  6 d. 

First  B00R  of  Botany.  Designed  to  Cultivate  the  Observing 
Powers  of  Children.  With  300  Engravings.  New  and  Cheaper 
Edition.  Crown  8vo,  2 s.  6d. 

YOUMANS,  Edward  L.,  M.D.—A  Class  Book  of  Chemistry,  on 
the  Basis  of  the  New  System.  With  200  Illustrations.  Crown 
8vo,  5-r. 
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THE  INTERNATIONAL  SCIENTIFIC  SERIES. 

I.  Forms  of  Water:  a Familiar  Exposition  of  the  Origin  and 

Phenomena  of  Glaciers.  By  J.  Tyndall,  LL.D.,  F.R.S.  With 
25  Illustrations.  Eighth  Edition.  Crown  8vo,  5-r. 

II.  Physics  and  Politics  ; or,  Thoughts  on  the  Application  of  the 

Principles  of  “ Natural  Selection  ” and  “ Inheritance  ” to  Political 
Society.  By  Walter  Bagehot.  Sixth  Edition.  Crown  8vo,  4^. 

III.  Foods.  By  Edward  Smith,  M.D.,  LL.B.,  F.R.S.  With  numerous 

Illustrations.  Seventh  Edition.  Crown  8vo,  5^. 

IV.  Mind  and  Body  : the  Theories  of  their  Relation.  By  Alexander 

Bain,  LL.D.  With  Four  Illustrations.  Seventh  Edition.  Crown 
8vo,  4-r. 

V.  The  Study  of  Sociology.  By  Ilerberi  Spencer.  Tenth  Edition. 

Crown  8vo,  5-r. 

VI.  On  the  Conservation  of  Energy.  By  Balfour  Stewart,  M.A., 

LL.D.,  F.R.S.  With  14  Illustrations.  Sixth  Edition.  Crown 
8vo,  $s. 

VII.  Animal  Locomotion  ; or  Walking,  Swimming,  and  Flying.  By 

J.  B.  Pettigrew,  M.D.,  F.R.S.,  etc.  With  130  Illustrations. 
Second  Edition.  Crown  8vo,  5^. 

VIII.  Responsibility  in  Mental  Disease.  By  Henry  Maudsley, 

M.D.  Fourth  Edition.  Crown  8vo,  5-r. 

IX. '  The  New  Chemistry.  By  Professor  J.  P.  Cooke.  With  31 

Illustrations.  Sixth  Edition.  Crown  8vo,  5^. 

X.  The  Science  of  Law.  By  Professor  Sheldon  Amos.  Fifth  Edition. 

Crown  8vo,  5 s. 

XI.  Animal  Mechanism  : a Treatise  on  Terrestrial  and  Aerial  Loco- 

motion. By  Professor  E.  J.  Marey.  With  1 1 7 Illustrations. 
Second  Edition.  Crown  8vo,  5-s‘. 

XII.  The  Doctrine  of  Descent  and  Darwinism.  By  Professor 

Oscar  Schmidt.  With  26  Illustrations.  Fifth  Edition.  Crown 
8vo,  5*. 

XIII.  The  History  of  the  Conflict  between  Religion  and 

Science.  By  J.  W.  Draper,  M.D.,  LL.D.  Seventeenth  Edition. 
Crown  8vo,  5 s. 

XIV.  Fungi  : their  Nature,  Influences,  Uses,  etc.  By  M.  C.  Cooke, 

M.D.,  LL.D.  Edited  by  the  Rev.  M.  J.  Berkeley,  M.A.,  F.L.S. 
With  numerous  Illustrations.  Third  Edition.  Crown  8vo,  5j. 

XV.  The  Chemical  Effects  of  Light  and  Photography.  By 

Dr.  Hermann  Vogel.  Translation  thoroughly  revised.  With  100 
Illustrations.  Third  Edition.  Crown  8vo,  5r. 

XVI.  The  Life  and  Growth  of  Language.  By  Professor  William 

Dwight  Whitney.  Third  Edition.  Crown  8vo,  5.?. 
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XVII.  Money  and  the  Mechanism  of  Exchange.  By  W. 
Stanley  Jevons,  M.A.,  F.R.S.  Fifth  Edition.  Crown  8vo,  5*. 

XVIII.  The  Nature  of  Light.  With  a General  Account  of  Physical 
Optics.  By  Dr.  Eugene  Lommel.  With  188  Illustrations  and  a 
Table  of  Spectra  in  Chromo-lithography,  Third  Edition.  Crown 
Svo,  5j. 

XIX.  Animal  Parasites  and  Messmates.  By  Monsieur  Van 

Beneden.  With  83  Illustrations.  Second  Edition.  Crown  8vo,  5*. 

XX.  Fermentation.  By  Professor  Schiitzenberger.  With  28  Illus- 

trations. Third  Edition.  Crown  8vo,  5 s. 

XXI.  The  Five  Senses  of  Man.  By  Professor  Bernstein.  With 

91  Illustrations.  Third  Edition.  Crown  8vo,  5*. 

XXII.  The  Theory  of  Sound  in  its  Relation  to  Music.  By  Pro- 

fessor Pietro  Blaserna.  With  numerous  Illustrations.  Second 
Edition.  Crown  Svo,  5*. 

XXIII.  Studies  in  Spectrum  Analysis.  By  J.  Norman  Lockyer, 
F.R.S.  With  six  photographic  Illustrations  of  Spectra,  and 
numerous  engravings  on  Wood.  Crown  8vo.  Second  Edition. 
6 s.  6d. 

XXIV.  A History  of  the  Growth  of  the  Steam  Engine.  By 

Professor  R.  H.  Thurston.  With  numerous  Illustrations.  Second 
Edition.  Crown  8vo,  6s.  6d. 

XXV.  Education  as  a Science.  By  Alexander  Bain,  LL.D.  Fourth 

Edition.  Crown  Svo,  5^. 

XXVI.  The  Human  Species,  By  Professor  A.  de  Quatrefages.  Third 
Edition.  Crown  8vo,  5J. 

XXVII.  Modern  Chromatics.  With  Applications  to  Art  and  In- 
dustry. By  Ogden  N.  Rood.  With  130  original  Illustrations. 
Second  Edition.  Crown  8vo,  5^. 

XXVIII.  The  Crayfish  : an  Introduction  to  the  Study  of  Zoology.  By 
Professor  T.  H.  Huxley.  With  82  Illustrations.  Third  Edition. 
Crown  8vo,  5j. 

XXIX.  The  Brain  as  an  Organ  of  Mind.  By  H.  Charlton  Bastian, 
M.D.  With  numerous  Illustrations.  Third  Edition.  Crown 
8vo,  5-r. 

XXX.  The  Atomic  Theory.  By  Prof.  Wurtz.  Translated  by  G. 

Cleminshaw,  F.C.S.  Third  Edition.  Crown  8vo,  5-s-* 

XXXI.  The  Natural  Conditions  of  Existence  as  they  affect 
Animal  Life.  By  Karl  Semper.  With  2 Maps  and  106 
Woodcuts.  Second  Edition.  Crown  Svo,  5j. 

XXXII.  General  Physiology  of  Muscles  and  Nerves.  By  Prof. 
J.  Rosenthal.  Second  Edition.  With  Illustrations.  Crown  Svo, 
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XXXIII.  Sight : an  Exposition  of  the  Principles  of  Monocular  and 
Binocular  Vision.  By  Joseph  le  Conte,  LL.D.  With  132 
Illustrations.  Crown  8vo,  5J. 

XXXIV.  Illusions:  a Psychological  Study.  By  James  Sully.  Second 
Edition.  Crown  8vo,  5 s. 

XXXV.  Volcanoes  : what  they  are  and  what  they  teach. 
By  Professor  J.  W.  Judd,  F.R.S.  With  92  Illustrations  on 
Wood.  Second  Edition.  Crown  8vo,  5J. 

XXXVI.  Suicide  : an  Essay  in  Comparative  Moral  Statistics.  By  Prof. 
E.  Morselli.  With  Diagrams.  Crown  8vo,  5j. 

XXXVII.  The  Brain  and  its  Functions.  By  J.  Luys.  With 
Illustrations.  Second  Edition.  Crown  8vo,  5^. 

XXXVIII.  Myth  and  Science  : an  Essay.  By  Tito  Vignoli.  Crown 
8vo,  5J. 

XXXIX.  The  Sun.  By  Professor  Young.  With  Illustrations.  Second 
Edition.  Crown  8vo,  5 s. 

XL.  Ants,  Bees,  and  Wasps:  a Record  of  Observations  on  the 
Habits  of  the  Social  Hymenoptera.  By  Sir  John  Lubbock,  Bart., 
M.P.  With  5 Chromo-lithographic  Illustrations.  Fifth  Edition. 
Crown  8vo,  5 s. 

XLI.  Animal  Intelligence.  By  G.  J.  Romanes,  LL.D.,  F.R.S. 
Second  Edition.  Crown  8vo,  5j. 

XLII.  The  Concepts  and  Theories  of  Modern  Physics.  By 
J.  B.  Stallo.  Second  Edition.  Crown  8vo,  5^. 

XLIII.  Diseases  of  the  Memory  ; An  Essay  in  the  Positive  Psycho- 
logy. By  Prof.  Th.  Ribot.  Second  Edition.  Crown  8vo, 
cloth,  5.?. 

XLIV.  Man  before  Metals.  By  N.  Joly,  with  148  Illustrations. 
Second  Edition.  Crown  8vo,  5^. 

XLV.  The  Science  of  Politics.  By  Prof.  Sheldon  Amos.  Crown 
8vo,  cloth,  5 s. 


MILITARY  WORKS. 

Army  of  the  North  German  Confederation  : a Brief  Description 
of  its  Organisation,  of  the  Different  Branches  of  the  Service  and 
their  rtle  in  War,  of  its  Mode  of  Fighting,  etc.  Translated  from 
the  Corrected  Edition,  by  permission  of  the  Author,  by  Colonel 
Edward  Newdigate.  Demy  8vo,  5J. 

BARRINGTON , Capt.  J.  T. — England  on  the  Defensive  ; or,  the 
Problem  of  Invasion  Critically  Examined.  Large  crown  8vo, 
with  Map,  Js.  6d. 
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BLUME,  Major  W.—  The  Operations  of  the  German  Armies  in 
France,  from  Sedan  to  the  end  of  the  War  of  1870-71.  With 
Map.  From  the  Journals  of  the  Head-quarters  Staff.  Translated 
by  the  late  E.  M.  Jones,  Maj.  20th  Foot,  Prof,  of  Mil.  Hist., 
Sandhurst.  Demy  8vo,  9J. 

BOGUSLAIVSKI , Capt.  A.  von. — Tactical  Deductions  from  the 
War  of  1870-1.  Translated  by  Colonel  Sir  Lumley  Graham, 
Bart.,  late  18th  (Royal  Irish)  Regiment.  Third  Edition,  Revised 
and  Corrected.  Demy  8vo,  Js. 

BRACKENS  UR  Y,  Col.  C.  B.,  R.A.,  C.B. — Military  Handbooks 
for  Regimental  Officers.  I.  Military  Sketching  and  Recon- 
naissance, by  Col.  F.  J.  Hutchison,  and  Major  PI.  G.  Mac- 
Gregor. Fourth  Edition.  With  15  Plates.  Small  8vo,  6s.  II. 
The  Elements  of  Modern  Tactics  Practically  applied  to  English 
Formations,  by  Lieut-Col.  Wilkinson  Shaw.  Fourth  Edition. 
With  25  Plates  and  Maps.  Small  crown  8vo,  9 s. 

BRIALMONT,  Col.  A. — Hasty  Intrenchments.  Translated  by 
Lieut.  Charles  A.  Empson,  R.A.  With  Nine  Plates.  Demy 
8vo,  6s. 

CLERY,  C.,  Lieut. -Col. — Minor  Tactics.  With  26  Maps  and  Plans. 
Fifth  and  revised  Edition.  Demy  8vo,  1 6s. 

DU  VERNOIS,  Col.  von  Verdy. — Studies  in  Leading  Troops. 
An  authorised  and  accurate  Translation  by  Lieutenant  H.  J.  T. 
Plildyard,  71st  Foot.  Parts  I.  and  II.  Demy  8vo,  7 s. 

GOETZE , Capt.  A.  von. — Operations  of  the  German  Engineers 
during  the  War  of  1870-1.  Published  by  Authority,  and 
in  accordance  with  Official  Documents.  Translated  from  the 
German  by  Colonel  G.  Graham,  V.C.,  C.B.,  R.E.  With  6 large 
Maps.  Demy  8vo,  2 is. 

HARRISON \ Lieut.- Col.  R. — The  Officer’s  Memorandum  Book 
for  Peace  and  Wrar.  Third  Edition.  Oblong  32010,  roan, 
with  pencil,  3J.  6d. 

HELVIG,  Capt.  H. — The  Operations  of  ^the  Bavarian  Army 
Corps.  Translated  by  Captain  G.  S.  Schwabe.  With  5 large 
Maps.  In  2 vols.  Demy  8vo,  24 s. 

Tactical  Examples  : Vol.  I.  The  Battalion,  15*.  Vol.  II.  The 
Regiment  and  Brigade,  ior.  6d.  Translated  Rom  the  German  by 
Col.  Sir  Lumley  Graham.  With  nearly  300  Diagrams.  Demy  8vo. 

LIOFFBAUER,  Capt. — The  German  Artillery  in  the  Battles 
near  Metz.  Based  on  the  Official  Reports  of  the  German 
Artillery.  Translated  by  Captain  E.  O.  Hollist,  With  Map  and 
Plans.  Demy  8vo,  2 is. 

LA  YMANN,  Capt. — The  Frontal  Attack  of  Infantry.  Translated 
by  Colonel  Edward  Newdigate.  Crown  8vo,  2 s.  6 d. 

Notes  on  Cavalry  Tactics,  Organisation,  etc.  By  a Cavalry 
Officer.  With  Diagrams.  Demy  8vo,  I2.r. 
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PARR , Capt.  H.  Hallam,  C.M.G. — The  Dress,  Horses,  and 
Equipment  of  Infantry  and  Staff  Officers.  Crown 
8 vo,  ix. 

SCHAW,  Col.  H. — The  Defence  and  Attack  of  Positions  and 
Localities.  Second  Edition,  revised  and  corrected.  Crown 
8vo,  3-r.  6d. 

SCHELL,  Maj.  von. — The  Operations  of  the  First  Army  under 
Gen.  von  Goeben.  Translated  by  Col.  C.  H.  von  Wright. 
Four  Maps.  Demy  8vo,  gs. 

The  Operations  of  the  First  Army  under  Gen.  von  Stein- 
metz.  Translated  by  Captain  E.  O.  Hollist.  Demy  8vo,  iox.  6d. 

SCHELLEATDORF,  Major-Gen.  B.  von. — The  Duties  of  the 
General  Staff.  Translated  from  the  German  by  Lieutenant 
Hare.  Vol.  I.  Demy  8vo,  iox.  6 d. 

SCHERFF,  Maj.  W.  von. — Studies  in  the  New  Infantry 
Tactics.  Parts  I.  and  II.  Translated  from  the  German  by 
Colonel  Lumley  Graham.  Demy  8vo,  7 s.  6 d. 

SHADWELL,  Maj. -Gen.,  C.B. — Mountain  Warfare.  Illustrated 
by  the  Campaign  of  1799  in  Switzerland.  Being  a Translation  of 
the  Swiss  Narrative  compiled  from  the  Works  of  the  Archduke 
Charles,  Jomini,  and  others.  Also  of  Notes  by  General  H. 
Dufour  on  the  Campaign  of  the  Valtelline  in  1635.  With  Appen- 
dix, Maps,  and  Introductory  Remarks.  Demy  8vo,  i6x. 

SHERMAN,  Gen.  W.  T. — Memoirs  of  General  W.  T.  Sherman, 
Commander  of  the  Federal  Forces  in  the  American  Civil  War. 
By  Himself.  2 vols.  With  Map.  Demy  8vo,  24X.  Copyright 
English  Editio7i. 

STUBBS,  Lieut. -Col.  F.  W. — The  Regiment  of  Bengal  Artillery. 
The  History  of  its  Organisation,  Equipment,  and  War  Services. 
Compiled  from  Published  Works,  Official  Records,  and  various 
Private  Sources.  With  numerous  Maps  and  Illustrations.  2 vols. 
Demy  8vo,  32X. 

STUMM,  Lieut.  Hugo. — Russia’s  Advance  Eastward.  Based  on 
Official  Reports.  Translated  by  Capt.  C.  E.  H.  Vincent.  With 
Map.  Crown  8vo,  6s. 

VINCENT,  Capt.  C.  E.  //.—Elementary  Military  Geography, 
Reconnoitring,  and  Sketching.  Compiled  for  Non- 
commissioned Officers  and  Soldiers  of  all  Arms.  Square  crown 
8vo,  2s.  6d. 

Volunteer,  the  Militiaman,  and  the  Regular  Soldier.  By 
a Public  Schoolboy.  Crown  8vo,  5x, 

WARTENSLEBEN,  Count  H.  von. — The  Operations  of  the 
South  Army  in  January  and  February,  1871.  Com- 
piled from  the  Official  War  Documents  of  the  Head-quarters  of 
the  Southern  Army.  Translated  by  Colonel  C.  H.  von  Wright. 
With  Maps.  Demy  8vo,  6x. 
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WARTENSLEBEN,  Count  II.  von, — continued. 

The  Operations  of  the  First  Army  under  Gen.  von 
Manteufel.  Translated  by  Col.  C.  H.  von  Wright.  Uniform 
with  the  above.  Demy  Svo,  9 s. 

WICKHAM,  Capt.  E.  H.,  R.A. — Influence  of  Firearms  upon 
Tactics  : Historical  and  Critical  Investigations.  By  an  Officer 
of  Superior  Rank  (in  the  .German  Army).  Translated  by 
Captain  E.  H.  Wickham,  R.A.  Demy  8vo,  7 s.  6d. 

WOINOVITS,  Capt.  I. — Austrian  Cavalry  Exercise.  Translated 
by  Captain  W.  S.  Cooke.  Crown  8vo,  ?s. 


POETRY. 

ARAMS,  W.  D. — Lyrics  of  Love,  from  Shakspeare  to  Tennyson. 
Selected  and  arranged  by.  Fcap.  8vo,  extra,  gilt  edges,  3 s.  6d. 

ADAM  OF  ST.  VICTOR. — The  Liturgical  Poetry  of  Adam  of 
St.  Victor.  From  the  text  of  Gautier.  With  Translations  into 
English  in  the  Original  Metres,  and  Short  Explanatory  Notes, 
by  Digby  S.  Wrangham,  M.A.  3 vols.  Crown  Svo,  printed  on 
hand-made  paper,  boards,  21s. 

Antiope  : a Tragedy.  Large  crown  Svo,  6s. 

AUBERTIN,  J.  J. — Camoens’  Lusiads.  Portuguese  Text,  with 
Translation.  Map  and  Portraits.  2 vols.  Demy  Svo,  30J. 

Seventy  Sonnets  of  Camoens.  Portuguese  Text  and  Transla- 
tion, with  some  original  Poems.  Dedicated  to  Capt.  Richard  F. 
Burton.  Printed  on  hand-made  paper,  bevelled  boards,  gilt  top, 
7 s.  6d. 

A UCHMUI'Y,  A.  C.— Poems  of  English  Heroism  : From  Bru'nan- 
bui-h  to  Lucknow ; from  Athelstan  to  Albert.  Small  crown  8vo, 

is.  6d. 

A VIA. — The  Odyssey  of  Homer.  Done  into  English  Verse  by. 
Fcap.  4to,  15^. 

BANKS,  Mrs.  G.  L. — Ripples  and  Breakers : Poems.  Square 
Svo,  5-r. 

BARNES,  William. — Poems  of  Rural  Life,  in  the  Dorset 
Dialect.  New  Edition,  complete  in  one  vol.  Crown  Svo, 
8r.  6d. 

BA  YNES,  Rev.  Canon  H.  R.—  Home  Songs  for  Quiet  Hours. 
Fourth  and  cheaper  Edition.  Fcap.  8vo,  cloth, _ 2 s.  6 d. 

***  This  may  also  be  had  handsomely  bound  in  morocco  with 

gilt  edges. 

BENNETT,  Dr.  W.  C. — Narrative  Poems  and  Ballads.  Fcap. 
8vo,  sewed  in  coloured  wrapper,  u. 
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BENNET7 , Dr.  W.  C. — continued. 

Songs  for  Sailors.  Dedicated  by  Special  Request  to  H.R.II. 
the  Duke  of  Edinburgh.  With  Steel  Portrait  and  Illustrations. 
Crown  8vo,  3 s.  6d. 

An  Edition  in  Illustrated  Paper  Covers,  I*. 

Songs  of  a Song  "Writer.  Crown  Svo,  6s. 

BEVINGTON,  L.  S. — K.ey  Notes.  Small  crown  Svo,  5n 

BILLSON \ C.  J.— The  Acharnians  of  Aristophanes.  Crown 
Svo,  3j.  6 d. 

BOWEN \ H.  C.,  M.A. — Simple  English  Poems.  English  Literature 
for  Junior  Classes.  In  Four  Parts.  Parts  I.,  II.,  and  III.,  6d. 
each,  and  Part  IV.,  U. 

BRYANT,  W.  C. — Poems.  Red-line  Edition.  With  24  Illustrations 
and  Portrait  of  the  Author.  Crown  Svo,  extra,  7 s.  6d. 

A Cheap  Edition,  with  Frontispiece.  Small  crown  Svo, 
3j.  6d. 

BYRNNE,  E.  Fairfax. — Milicent  : a Poem.  Small  crown  Svo,  6s. 

Calderon’s  Dramas:  the  Wonder-Working  Magician  — Life  is  a 
Dream — the  Purgatory  of  St.  Patrick.  Translated  by  Denis 
Florence  MacCarthy.  Post  Svo,  ion 

Chronicles  of  Christopher  Columbus.  A Poem  in  12  Cantos. 
By  M.  D.  C.  Small  crown  8vo. 

CLARKE,  Mary  Cowden. — Honey  from  the  Weed.  Verses. 
Crown  8vo,  7 s. 

COLOMB,  Colonel. — The  Cardinal  Archbishop  : a Spanish  Legend. 
In  29  Cancions.  Small  crown  8vo,  5n 

CONWA  Y,  Hugh.— A Life’s  Idylls.  Small  crown  8vo,  3*.  6d. 

COPPfE , Francois. — L’Exilee.  Done  into  English  Verse,  with  the 
sanction  of  the  Author,  by  I.  O.  L.  Crown  Svo,  vellum,  5n 

David  Rizzio,  Bothwell,  and  the  Witch  Lady.  Three 
Tragedies  by  the  author  of  “ Ginevra,”  etc.  Crown  8vo,  cloth,  6s. 

DAVIE , G.S.,  M.D. — The  Garden  of  Fragrance.  Being  a com- 
plete translation  of  the  kBostan  of  Sadi  from  the  original  Persian 
into  English  Verse.  Crown  Svo,  cloth,  Js.  6d. 

DAVIES,  T.  Hart. — Catullus.  Translated  into  English  Verse.  Crown 
8vo,  6s. 

DE  VERE,  Aubrey.— 7Lhe  Foray  of  Queen  Meave,  and  other 
Legends  of  Ireland’s  Heroic  Age.  Small  crown  Svo,  5n 

Alexander  the  Great : a Dramatic  Poem.  Small  crown  8vo,  5n 

The  Legends  of  St.  Patrick,  and  other  Poems.  Small  crown 
8vo,  5-r. 
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DE  VERE,  Aubrey. — continued. 

St.  Thomas  of  Canterbury:  a Dramatic  Poem.  Large  fcap. 
8vo,  5s. 

Legends  of  the  Saxon  Saints.  Small  crown  8vo,  6s. 

Antar  and  Zara : an  Eastern  Romance.  Inisfail,  and  other 
Poems,  Meditative  and  Lyrical.  Fcap.  8vo,  6s. 

The  Fall  of  Rora,  The  Search  after  Proserpine,  and  other 
Poems,  Meditative  and  Lyrical.  Fcap.  8vo,  6s. 

The  Infant  Bridal,  and  other  Poems.  A New  and  Enlarged 
Edition.  Fcap.  8vo,  "js . 6 d. 

DILLON , Artlmr. — River  Songs  and  other  Poems.  With  13 
autotype  Illustrations  from  designs  by  Margery  May.  Fcap.  4to, 
cloth  extra,  gilt  leaves,  iox.  6d. 

DOBELL , Mrs.  Horace. — Ethelstone,  Eveline,  and  other  Poems. 
Crown  8vo,  6s. 

DOBSON,  Austin. — Vignettes  in  Rhyme,  and  Vers  de  Societe. 
Third  Edition.  Fcap.  8vo,  5x. 

Proverbs  in  Porcelain.  By  the  Author  of  “Vignettes  in 
Rhyme.”  Second  Edition.  Crown  8vo,  6s. 

Dorothy  : a Country  Story  in  Elegiac  Verse.  With  Preface.  Demy 
8vo,  5-r. 

DOWDEN,  Edward,  LL.D. — Poems.  Second  Edition.  Fcap.  8vo,  $s. 

Shakspere’s  Sonnets.  With  Introduction.  Large  post  8vo, 
7 s.  6 d. 

DOWNTON, ; Rev.  IL , M.A. — Hymns  and  Verses.  Original  and 
Translated.  Small  crown  8vo,  3r.  6 d. 

DUGMORE,  Rev.  Ernest  Edward.— From  the  Mountains  of 
the  East  A Quasi-Dramatic  Poem  on  the  Story  of  the  Pro- 
phet-Soothsayer Balaam.  Crown  8vo,  cloth,  3x.  6 d. 

DUTT,  Tom. — A Sheaf  Gleaned  in  French  Fields.  New  Edition, 
with  Portrait.  Demy  Svo,  iox.  6d. 

Ancient  Ballads  and  Legends  of  Hindustan.  With  an 
Introductory  Memoir  by  Edmund  W.  Gosse.  Small  crown  Svo, 
printed  on  hand-made  paper,  5x. 

EDWARDS,  Rev.  Basil. — Minor  Chords  ’,  or,  Songs  for  the  Suffering  : 
a Volume  of  Verse.  Fcap.  Svo,  3*.  6 d.  ; paper,  2 s.  6d. 

ELDRYTH,  Maud.— Margaret,  and  other  Poems.  Small  crown  Svo, 
3*.  6 d. 

ELLIOTT,  Ebenezer,  The  Corn  Law  Rhymer.— Poems.  Edited  by  his 
son,  the  Rev.  Edwin  Elliott,  of  St.  John’s,  Antigua.  2 vols. 
Crown  Svo,  iSx. 
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English  Odes.  Selected,  with  a Critical  Introduction  by  Edmund  W. 

Gosse,  and  a miniature  frontispiece  by  Hamo  Thornycroft, 
A.R.A.  Elzevir  8vo,  limp  parchment  antique,  6s.  ; vellum, 
7-r.  6d. 

Epic  of  Hades,  The.  By  the  Author  of  “Songs  of  Two  Worlds.” 
Thirteenth  Edition.  Fcap.  8vo,  7-r.  6d. 

***  Also  an  Illustrated  Edition,  with  17  full-page  designs  in  photo- 
mezzotint by  George  R.  Chapman.  4to,  extra,  gilt  leaves,  25s.  ; 
and  a Large  Paper  Edition,  with  Portrait,  ior.  6d. 

EVANS,  Anne. — Poems  and  Music.  With  Memorial  Preface  by 
Ann  Thackeray  Ritchie.  Large  crown  8vo,  7s. 

GOSSE,  Edmund  W. — New  Poems.  Crown  8vo,  7 s.  6d. 

GROTE,  A.  R. — Rip  van  'Winkle  : a Sun  Myth  ; and  other  Poems. 

Small  crown  8vo,  printed  on  hand-made  paper,  limp  parchment 
antique,  5J. 

GURNEY,  Rev.  Alfred. — The  Vision  of  the  Eucharist,  and  other 
Poems.  Crown  8vo,  5*. 

Gwen  : a Drama  in  Monologue.  By  the  Author  of  the  “ Epic  of 
Hades.”  Third  Edition.  Fcap.  8vo,  5 s. 

HAWKER,  Robt.  Stephen. — The  Poetical  Works  of.  Now  first 
collected  and  arranged.  With  a Prefatory  Notice  by  J.  G. 
Godwin.  With  Portrait.  Crown  8vo,  12 s. 

HELLON,  H.  G. — Daphnis  ; a Pastoral  Poem.  Small  crown  8vo, 
3.J . 6 d. 

HICKEY,  E.  H. — A Sculptor,  and  other  Poems.  Small  crown 
8vo,  5r. 

HOLMES,  E.  G.  A. — Poems.  First  and  Second  Series.  Fcap.  8vo, 
5r.  each. 

Horati  Opera.  Edited  by  F.  A.  Cornish,  Assistant  Master  at  Eton. 

With  a Frontispiece  after  a design  by  L.  Alma  Tadema,  etched 
by  Leopold  Lowenstam.  Parchment  Library  Edition,  6s. ; vellum, 
7s.  6 d. 

INGHAM,  Sarson,  C.  J. — Caedmon’s  Vision,  and  other  Poems. 
Small  crown  8vo,  5-r. 

JENKINS,  Rev.  Canon. — The  Girdle  Legend  of  Prato.  Small 
crown  8vo,  2 s. 

Alfonso  Petrucci,  Cardinal  and  Conspirator : an  Historical 
Tragedy  in  Five  Acts.  Small  crown  8vo,  3r.  6 d. 

KING,  Mrs.  Hamilton. — The  Disciples.  Fourth  Edition,  with  Portrait 
and  Notes.  Crown  8vo,  7s.  6 d. 

Aspromonte,  and  other  Poems.  Second  Edition.  Fcap.  Svo, 
4 s.  6d. 
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LANG,  A. — XXXII  Ballades  in  Blue  China.  Elzevir  8vo, 
parchment,  5j. 

LEIGH,  Arran  and  Isla. — Bellerophon.  Small  crown  8vo,  5j. 

LEIGHTON,  Robert. — Records,  and  other  Poems.  With  Portrait. 
Small  crown  8vo,  7 s.  6d. 

Living  English  Poets  MDCCCLXXXII.  With  Frontispiece  by 
Walter  Crane.  Second  Edition.  Large  crown  8vo.  Printed  on 
hand-made  paper.  Parchment,  12 s.,  vellum,  15J. 

LOCKER,  F. — London  Lyrics.  A New  and  Revised  Edition,  with 
Additions  and  a Portrait  of  the  Author.  Crown  8vo,  6s. 

***  Also  a New  and  Cheaper  Edition.  Small  crown  8vo,  2 s.  6d. 

Love  Sonnets  of  Proteus.  With  Frontispiece  by  the  Author.  Elzevir 
8vo,  5 s. 

LOWNDES,  Henry. — Poems  and  Translations.  Crown  8vo,  6s. 

LUMSDEN,  Lieut. -Col.  H.  W. — Beowulf  : an  Old  English  Poem, 
Translated  into  Modern  Rhymes.  Small  crown  8vo,  5 s. 

MA  CLEAN,  Charles  Ronald. — Latin  and  Greek  Verse  Transla- 
tions. Small  crown  8vo,  2 s. 

MAGNUSSON,  Eirikr,  M.A.,  and  PALMER,  E.  II. , M.A. — Johan 
Ludvig  Runeberg’s  Lyrical  Songs,  Idylls,  and  Epi- 
grams. Fcap.  Svo,  5r. 

M.D.C. — Chronicles  of  Christopher  Columbus.  A Poem  in 
Twelve  Cantos.  Small  Crown  8vo,  cloth,  Js.  6d. 

MEREDITH,  Owen,  The  Earl  of  Lytton. — Lucile.  With  160  Illustra- 
tions. Crown  4to,  extra,  gilt  leaves,  2 is. 

MIDDLETON,  The  Lady. — Ballads.  Square  l6mo,  3 s.  6d. 

MOORE,  Mrs.  Bloomfield. — Gondaline’s  Lesson  : The  Warden’s  Tale, 
Stories  for  Children,  and  other  Poems.  Crown  Svo,  5 s. 

MORICE,  Rev.  F.  D.,  M.A.—  The  Olympian  and  Pythian  Odes 
of  Pindar.  A New  Translation  in  English  Verse.  Crown 
8vo,  7s.  6d. 

MORRIS,  Lewis. — Poetical  Works  of.  New  and  cheaper  Edition, 
with  Portrait.  Complete  in  3 vols.,  5^.  each. 

Vol.  I.  contains  “Songs  of  Two  Worlds.”  Vol.  II.  contains  “The 
Epic  of  Hades.”  Vol.  III.  contains  “ Gwen  ” and  “ The  Ode  of 
Life.” 

MORSHEAD,  E.  D.  A.  — The  House  of  Atreus.  Being  the 
Agamemnon,  Libation-Bearers,  and  Furies  of  zEschylus.  Trans- 
lated into  English  Verse.  Crown  Svo,  7s. 

NADEN,  Constance  W. — Songs  and  Sonnets  of  Spring  Time. 
Small  crown  8vo,  5j. 
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NEWELL,  E.  y.— The  Sorrows  of  Simona  and  Lyrical 
Verses.  Small  crown  Svo,  cloth,  3^.  6d. 

NICHOLSON,  Edward  B. — The  Christ  Child,  and  other  Poems. 
Crown  Svo,  4-r.  6d. 

NOAKE , Major  R.  Compton. — The  Bivouac  ; or,  Martial  Lyrist.  With 
an  Appendix : Advice  to  the  Soldier.  Fcap.  Svo,  5^.  6d. 

NOEL , The  Hon.  Roden. — A Little  Child’s  Monument.  Second 
Edition.  Small  crown  8vo,  y.  6 d. 

NORRLS,  Rev.  Alfred. — The  Inner  and  Outer  Life  Poems.  Fcap. 
Svo,  6s. 

Ode  of  Life,  The.  By  the  Author  of  “The  Epic  of  Hades,”  etc. 
Fourth  Edition.  Crown  Svo,  5-r. 

O'HAGAN,  Joint. — The  Song  of  Roland.  Translated  into  English 
Verse.  Large  post  8vo,  parchment  antique,  ioj.  6 d. 

PAUL,  C.  Kegan. — Goethe’s  Faust.  A New  Translation  in  Rhyme. 
Crown  8 vo,  6s. 

PA  YNE , John. — Songs  of  Life  and  Death.  Crown  8vo,  5j. 

PENNELL,  H Cholmondeley. — Pegasus  Resaddled.  By  the 
Author  of  “Puck  on  Pegasus,”  etc.,  etc.  With  io  Full-page 
Illustrations  by  George  Du  Maurier.  Second  Edition.  Fcap. 
4to,  elegant,  12 s.  6 d. 

PFELFFER,  Emily. — Gian  Alarch  : His  Silence  and  Song:  a Poem. 
Second  Edition.  Crown  8vo,  6s. 

Gerard’s  Monument,  and  other  Poems.  Second  Edition. 
Crown  8vo,  6s. 

Quarterman’s  Grace,  and  other  Poems.  Crown  Svo, 

Poems.  Second  Edition.  Crown  Svo,  6s. 

Sonnets  and  Songs.  New  Edition.  i6mo,  handsomely  printed 
and  bound  in  cloth,  gilt  edges,  4 s. 

Under  the  Aspens ; Lyrical  and  Dramatic.  With  Portrait. 
Crown  8 vo,  6s. 

PIKE , Warburton. — The  Inferno  of  Dante  Allighieri.  Demy 
8vo,  $s. 

POE , Edgar  Allan. — Poems.  With  an  Essay  on  his  Poetry  by  Andrew 
Lang,  and  a Frontispiece  by  Linley  Sambourne.  Parchment 
Library  Edition,  6s.  ; vellum,  “js.  6 d, 

RHOADES,  James. — The  Georgies  of  Virgil.  Translated  into 
English  Verse.  Small  crown  8vo,  5j. 

ROBINSON , A.  Mary  F. — A Handful  of  Honeysuckle.  Fcap. 
8vo,  y.  6d. 

The  Crowned  Hippolytus.  Translated  from  Euripides.  With 
New  Poems.  Small  crown  8vo,  5j-. 
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SAUNDERS , John. — Love’s  Martyrdom.  A Play  and  Poem. 
Small  crown  8vo,  cloth,  5.?. 

Schiller’s  Mary  Stuart.  German  Text,  with  English  Translation  on 
opposite  page  by  Leedham  White.  Crown  8vo,  6s. 

Shakspere’s  Sonnets.  Edited  by  Edward  Dowden.  With  a Fron- 
tispiece etched  by  Leopold  Lowenstam,  after  the  Death  Mask. 
Parchment  Library  Edition,  6s.  ; vellum,  js.  6 d. 

Shakspere’s  'Works.  In  12  Monthly  Volumes.  Parchment  Library 
Edition,  6s.  each  ; vellum,  Js.  6 d.  each. 

SHAW,  W.  F.,  M.A. — Juvenal,  Persius,  Martial,  and  Catullus. 
An  Experiment  in  Translation.  Crown  8vo,  cloth,  5^. 

SHELLEY,  Percy  Bysshe. — Poems  Selected  from.  Dedicated  to 
Lady  Shelley.  With  Preface  by  Richard  Garnett.  Parchment 
Library  Edition,  6s.  ; vellum,  7 s.  6 d. 

Six  Ballads  about  King  Arthur.  Crown  8vo,  extra,  gilt  edges, 
3r.  6d. 

SKINNER,  James. — Coelestia.  The  Manual  of  St.  Augustine.  The 
Latin  Text  side  by  side  with  an  English  Interpretation  in  Thirty- 
six  Odes  with  Notes,  and  a plea  for  the  study  of  Mystical  Theology. 
Large  crown  8vo,  6s. 

SLADEN,  Douglas  B. — Frithjof  and  Ingebjorg,  and  other 
Poems.  Small  crown  8vo,  cloth,  5.?. 

Songs  of  Two  Worlds.  By  the  Author  of  “The  Epic  of  Hades.” 
Seventh  Edition.  Complete  in  One  Volume,  with  Portrait. 
Fcap.  8vo,  *js.  6 d. 

Songs  for  Music.  By  Four  Friends.  Containing  Songs  by  Reginald 
A.  Gatty,  Stephen  H.  Gatty,  Greville  J.  Chester,  and  Juliana 
Ewing.  Square  crown  8vo,  5 s. 

STEDMAN,  Edmund  Clarence. — Lyrics  and  Idylls,  with  other 
Poems.  Crown  8vo,  Js.  6 d. 

STEVENS,  William. — The  Truce  of  God,  and  other  Poems.  Small 
crown  8vo,  3r.  6 d. 

TA  YLOR,  Sir  H. — Works  Complete  in  Five  Volumes.  Crown  8vo,  301-. 

TENNYSON,  Alfred. — Works  Complete: — 

The  Imperial  Library  Edition.  Complete  in  7 vols.  Demy 
8 vo,  ioj.  6 d.  each  ; in  Roxburgh  binding,  12 s.  6d.  each. 

Author’s  Edition.  In  7 vols.  Post  8vo,  gilt  43J.  6 d.  ; or  half- 
morocco, Roxburgh  style,  52 s.  6d. 

Cabinet  Edition.  13  vols.  Each  with  Frontispiece.  Fcap.  Svo, 
2 s.  6 d.  each. 

Cabinet  Edition.  13  vols.  Complete  in  handsome  Ornamental 
Case.  35-f. 
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TENNYS  ON,  A If  red.  — continued. 

The  Royal  Edition.  In  1 vol.  With  26  Illustrations  and 
Portrait.  Extra,  bevelled  boards,  gilt  leaves,  2i.r. 

The  Guinea  Edition.  Complete  in  13  vols.  neatly  bound  and 
enclosed  in  box,  21  s.  ; French  morocco  or  parchment,  31s.  6d. 

Shilling  Edition.  In  13  vols.  pocket  size,  is.  each,  sewed. 

The  Grown  Edition.  Complete  in  1 vol.  strongly  bound,  6s.  ; 
extra  gilt  leaves,  ys.  6 d.  ; Roxburgh,  half-morocco,  8s.  6 d. 

***  Can  also  be  had  in  a variety  of  other  bindings. 

In  Memoriam.  With  a Miniature  Portrait  in  eau-forte  by  Le 
Rat,  after  a Photograph  by  the  late  Mrs.  Cameron.  Parchment 
Library  Edition,  6s.  ; vellum,  ys.  6d. 

The  Princess.  A Medley.  With  a Miniature  Frontispiece  by 
H.  M.  Paget,  and  a Tailpiece  in  Outline  by  Gordon  Browne. 
Parchment  Library  Edition,  6s.  ; vellum,  ys.  6d. 

Songs  Set  to  Music  by  various  Composers.  Edited  by  W.  J. 
Cusins.  Dedicated,  by  express  permission,  to  Her  Majesty  the 
Queen.  Royal  4to,  extra,  gilt  leaves,  2 is.  ; or  in  half-morocco,  25^. 

Original  Editions  : — 

Ballads,  and  other  Poems.  Small  8vo,  5r. 

Poems.  Small  8vo,  6s. 

Maud,  and  other  Poems.  Small  8vo,  3 s.  6d.  j 
The  Princess.  Small  8vo,  3-r.  6d. 

Idylls  of  the  King.  Small  8vo,  5-r. 

Idylls  of  the  King.  Complete.  Small  8vo,  6s. 

The  Holy  Grail,  and  other  Poems.  Small  8vo,  4s.  6d. 

Gareth  and  Lynette.  Small  8vo,  3J. 

Enoch  Arden,  etc.  Small  8vo,  3 s.  6d. 

In  Memoriam.  Small  8vo,  4s. 

Harold  : a Drama.  New  Edition.  Crown  8vo,  6s. 

Queen  Mary  : a Drama.  New  Edition.  Crown  8vo,  6s. 

The  Lover’s  Tale.  Fcap.  8vo,  3s.  6d. 

Selections  from  the  above  Works.  Super  royal  i6mo,  3s.  6 d. ; 
gilt  extra,  4^. 

Songs  from  the  above  Works.  i6mo,  2s.  6d.  ; extra,  3 s.  6d. 

Idylls  of  the  King,  and  other  Poems.  Illustrated  by  Julia  Mar- 
garet Cameron.  2 vols.  folio,  half-bound  morocco,  £6  6s.  each. 
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Tennyson  for  the  Young  and  for  Recitation.  Specially  arranged. 
Fcap.  8vo,  ir.  6d. 

The  Tennyson  Birthday  Book.  Edited  by  Emily  Shakespear. 
32mo,  limp,  2s.  ; extra,  3r. 

%*  A superior  Edition,  printed  in  red  and  black,  on  antique  paper, 
specially  prepared.  Small  crown  8vo,  extra,  gilt  leaves,  5r.  ; 
and  in  various  calf  and  morocco  bindings. 

Horae  Tennysonianae  sive  Eclogse  e Tennysono  Latine  Redditae  Cura 
A.  J.  Church,  A.M.  Small  crown  8vo,  6s. 

THOMPSON \ Alice  C. — Preludes  : a Volume  of  Poems.  Illustrated 
by  Elizabeth  Thompson  (Painter  of  “The  Roll  Call  ”).  8vo, 
•js.  6d. 

TODHUNTER , Dr.  J. — Laurella,  and  other  Poems.  Crown  8vo, 
6s.  6d. 

Forest  Songs.  Small  crown  8vo,  2s-  6d. 

The  True  Tragedy  of  Rienzi  : a Drama.  3r.  6d. 

Alcestis  : a Dramatic  Poem.  Extra  fcap.  8vo,  5r. 

A Study  of  Shelley.  Crown  8vo,  js. 

Translations  from  Dante,  Petrarch,  Michael  Angelo,  and 
Vittoria  Colonna.  Fcap.  8vo,  js.  6d. 

TURNER,  Rev.  C.  TeHnyson. — Sonnets,  Lyrics,  and  Trans- 
lations. Crown  8vo,  4 s.  6d. 

Collected  Sonnets,  Old  and  New.  With  Prefatory  Poem  by 
Alfred  Tennyson  ; also  some  Marginal  Notes  by  S.  T* 
Coleridge,  and  a Critical  Essay  by  James  Spedding.  Fcap. 
8vo,  Js.  6d. 

WALTERS,  Sophia  Lydia. — The  Brook  : a Poem.  Small  crown  8vo, 
3-r.  6 d. 

A Dreamer’s  Sketch  Book.  With  21  Illustrations  by  Percival 
Skelton,  R.  P.  Leitch,  W.  H.  J.  Boot,  and  T.  R.  Pritchett. 
Engraved  by  J.  D.  Cooper.  Fcap.  4to,  I2r.  6 d. 

WATERFIELD,  W.— Hymns  for  Holy  Days  and  Seasons. 
32mo,  is.  6d. 

WAY,  A.,  M.A.—The  Odes  of  Horace  Literally  Translated  in 
Metre.  Fcap.  8vo,  2 s. 

WEBSTER,  Augusta. — Disguises  : a Drama.  Small  crown  8vo,  Sr. 

Xn  a Day  : a Drama.  Small  crown  8vo,  cloth,  2 s.  6d. 

Wet  Days.  By  a Farmer.  Small  crown  8vo,  6s. 

WILKINS,  William.— Songs  of  Study.  Crown  8vo,  6s. 

WILLOUGHBY,  The  Hon.  Mrs.— On  the  North  Wind— Thistle- 
down : a Volume  of  Poems.  Elegantly  bound,  small  crown 
8vo,  Js.  6 d. 
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WOODS,  James  Chapman. — A Child  of  the  People,  and  other 
Poems.  Small  crown  8vo,  5j. 

YOUNG , Wm. — Gottlob,  etcetera.  Small  crown  8vo,  31.  6d. 

YOUNGS,  Ella  Sharpe. — Paphus,  and  other  Poems.  Small  crown  8vo, 
3-r.  6d. 


WORKS  OF  FICTION  IN  ONE  VOLUME. 

BANKS,  Mrs.  G.  L.— God’s  Providence  House.  New  Edition. 
Crown  8vo,  3-r.  6 d. 

BETHAM-ED  WARDS,  Miss  M. — Kitty.  With  a Frontispiece. 

Crown  8vo,  6s. 

Blue  Roses ; or,  Helen  Malinofska’s  Marriage.  By  the  Author  of 
“Vera.”  New  and  Cheaper  Edition.  With  Frontispiece. 
Crown  8vo,  6s. 

FRISWELL,  J.  Hain. — One  of  Two ; or,  The  Left-Handed  Bride. 
Crown  Svo,  3-r.  6d. 

GARRETT,  E. — By  Still  Waters  : a Story  for  Quiet  Hours.  With 
7 Illustrations.  Crown  Svo,  6s. 

HARDY,  Thomas. — A Pair  of  Blue  Eyes.  Author  of  “Far  from 
the  Madding  Crowd.”  New  Edition.  Crown  8vo,  bs. 

The  Return  of  the  Native.  New  Edition.  With  Frontispiece. 
Crown  Svo,  6s. 

HOOPER,  Mrs.  G. — The  House  of  Raby.  Crown  8vo,  3s.  6d. 

INGELOW,  Jean. — Off  the  Skelligs  : a Novel.  With  Frontispiece. 
Second  Edition.  Crown  8vo,  6s. 

MACDONALD,  G. — Malcolm.  With  Portrait  of  the  Author  engraved 
on  Steel.  Sixth  Edition.  Crown  Svo,  6s. 

The  Marquis  of  Lossie.  Fourth  Edition.  With  Frontispiece. 
Crown  8vo,  6s. 

St.  George  and  St.  Michael.  Third  Edition.  With  Frontis- 
piece. Crown  8vo,  6s. 

MASTERMAN,  J. — Half-a-Dozen  Daughters.  Crown  8vo, 
3s.  6 d. 

MEREDITH,  George. — Ordeal  of  Richard  Feverel.  New  Edition. 
Crown  8vo,  6j. 

The  Egoist  \ A Comedy  in  Narrative.  New  and  Cheaper  Edition, 
with  Frontispiece.  Crown  8vo,  6s. 

PALGRA  VE,  W.  Gifford. — Hermann  Agha  an  Eastern  Narrative, 
Third  Edition.  Crown  8vo,  6s. 
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Pandurang  Hari  ; or,  Memoirs  of  a Hindoo.  With  an  Introductory 
Preface  by  Sir  H.  Bartle  E.  Frere,  G.C.S.I.,  C.  B.  Crown 
8vo,  6s. 

PAUL,  Margaret  Agnes. — Gentle  and  Simple;  a Story.  New  and 
Cheaper  Edition,  with  Frontispiece.  Crown  8vo,  6s. 

SHAW,  Flora  L. — Castle  Blair  ; a Story  of  Youthful  Lives.  New  and 
Cheaper  Edition.  Crown  8vo,  3 s.  6d. 

STRETTON \ Hesba. — Through  a Needle’s  Eye  : a Story'.  New 
and  Cheaper  Edition,  with  Frontispiece.  Crown  8vo,  6s. 

TAYLOR,  Col.  Aleadows,  C.S.L.,  M.R.L.A. — Seeta : a Novel.  New 
and  Cheaper  Edition.  With  Frontispiece.  Crown  8vo,  6s. 

Tippoo  Sultaun  : a Tale  of  the  Mysore  War.  New  Edition,  with 
Frontispiece.  Crown  8vo,  6s. 

Ralph  Darnell.  New  and  Cheaper  Edition.  With  Frontispiece. 
Crown  8vo,  6s. 

A Noble  Queen.  New  and  Cheaper  Edition.  With  Frontis- 
piece. Crown  8vo,  6s. 

The  Confessions  of  a Thug.  Crown  8vo,  6j. 

Tara  a Mahratta  Tale.  Crown  8vo,  6s. 

TLLOMAS,  Moy. — A Fight  for  Life.  Crown  8vo,  3s.  6d. 

Within  Sound  of  the  Sea.  New  and  Cheaper  Edition,  with  Frontis- 
piece. Crown  8vo,  6s. 


BOOKS  FOR  THE  YOUNG. 

Aunt  Mary’s  Bran  Pie.  By  the  Author  of  “ St.  Olave’s.”  Illustrated. 

3 s.  6 d. 

BARLEE,  Ellen. — Locked  Out : a Tale  of  the  Strike.  With  a 
Frontispiece.  Royal  i6mo,  is.  6 d. 

BONWLCK,  J.,  F.R.G.S.— The  Tasmanian  Lily.  With  Frontis- 
piece. Crown  8vo,  5-r. 

Mike  Howe,  the  Bushranger  of  Van  Diemen’s  Land.  New  and 
Cheaper  Edition.  With  Frontispiece.  Crown  8vo,  3 s.  6d. 

Brave  Men’s  Footsteps.  A Book  of  Example  and  Anecdote  for 
Young  People.  By  the  Editor  of  “Men  who  have  Risen.”  With 
4 Illustrations  by  C.  Doyle.  Seventh  Edition.  Crown  Svo, 
3 s.  6d. 

Children’s  Toys,  and  some  Elementary  Lessons  in  General  Knowledge 
which  they  teach.  Illustrated.  Crown  8vo,  5-r. 

COLERLDGE,  Sara.  — Pretty  Lessons  in  Verse  for  Good 
Children,  with  some  Lessons  in  Latin,  in  Easy  Rhyme.  A 
New  Edition.  Illustrated.  Fcap.  8vo,  y.  6 d. 
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COXHEAD,  Ethel. — Birds  and  Babies.  Imp.  i6mo.  With  33 
Illustrations.  Cloth  gilt,  2 s.  bd. 
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